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I. INTRODUCTION 
A. The Problem 
The problem attacked in this study is development of a comprehensive 
model to describe the decision process of a person planning his lifetime 
path of educational training, leading to eventual employment. When one 
views the multitude of possible occupations and applies the limited 
knowledge possessed, he faces a difficult choice-making decision. 
Information one holds about entry requirements, payoffs, availa­
bilities, and the nature of the job market faced may be inaccurate, 
sketchy, or incomplete. Thus, one aspect of the individual's problem 
might arise from lack of reliable information. However, an individual 
with perfect information may lack a logical tool for comparing the al­
ternatives. Further, it is quite possible that a person would reach a 
suboptimum solution to his job choice problem with a chance selection 
from the set of alternatives. Since the decision criteria of a rational 
man can be specified in broad enough terms to fit a situation faced by 
any particular individual, regardless of lack of knowledge, existence of 
risk, or attitude toward risk aversion; developing a comprehensive job 
and training choice model seems possible. 
Relationships between human capital theory and what might be referred 
to as "traditional" capital and investment theory, which deals with physi­
cal capital, have not been clearly specified. Adaptation of traditional 
capital and investment theory to human capital can give insights relevant 
to decisions on how much to invest in human capital and what directions 
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such investments should take. 
The appropriate use of capital and investment theory, when dealing 
with educational investments in human beings, is only a'continuation of 
earlier developments in economics of education and human capital theory. 
The concepts of present-value and internal rates of return have been 
widely used in analysis of educational investments. Up to date analyses 
telling when the use of each of these concepts is appropriate and when 
their use is not appropriate (as have been developed in traditional 
capital and investment theory) need also to be developed for human 
capital and investment theory. An analyst or decision-maker needs to 
know limitations and strengths of concepts. When a tool is used, it 
should be done with full realization of the technique's limitations. 
Limitations on economic tools are the restrictions created by the as­
sumptions underlying the technique. These tools make use of deductive 
logic, going from assumptions to logical conclusions. The reliability 
of such economic tools for problem solving depends ultimately on the re­
ality and validity of their assumptions, having satisfied oneself that 
their logical development is correct. The assumption of a single, identi­
fiable, interest rate makes applications of the present-value concept and in­
ternal rate of return concept (8, p. 37), to investment value or worth 
usually equivalent and always appropriate in the treatment of educational 
investments. It will be shown that it is not necessary to make such an 
assumption and that the proper discount rate is related to the person 
undertaking the investment. Making use of this more realistic assumption 
about interest rates (thus making the assumed world more closely resemble 
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the real world) should be expected to yield results that could be more 
confidently applied to the real world. 
Basic to the idea of modern economics is the principle of maxi­
mization of benefits, using marginal analysis. Within the concept of 
maximization by marginal investments, some economics of education 
studies try to identify optimum allocation of resources between educa­
tion and all other possible resource use, and among alternative types of 
educational investment. In all situations the concept of maximizing 
the return on the marginal investment is the guideline. 
Analysts working in the area of economics of education find ab­
stractions from the real world to be necessary in conceptualization of 
ideas and in application of analytical tools. These economic abstrac­
tions, or models, common in economics, are structured in economics of 
education for the same analytic purposes. Not only do these abstrac­
tions take the form of simplification of ideas but, in a very similar 
vein, they eliminate from consideration many characteristics of the 
total universe (only those which are irrelevant, hopefully). 
The economist might be viewed as facing a universe of independent 
and dependent variables. The independent variables are those things 
which can be manipulated directly or are expected to bear a causal re­
lationship to the dependent variables. The economist selects the item, 
or weighted group of items, which he wishes to maximize. The remaining 
steps in the economist's procedure are to abstract from all items which 
may affect the dependent variable only those which he suspects are inde­
pendent variables. These are tested to find which independent variables 
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are important, and exactly what their effect is on the dependent variable. 
It is found, then, that general equilibrium analysis in economics 
is too broad in concept and in magnitude to reflect accurately meaning­
ful relationships in economics of education. Partial equilibrium analysis 
is used generally for this kind of research. In this way the detail 
necessary for meaningful analysis can be obtained, and most importantly, 
interrelationships still identified. 
In the economics of education field such partial equilibrium analyses 
are used for both micro-economic and macro-economic problems. 
While.economics of education is definitionally restricted to the 
role of education within the economic world its total scope is actually 
quite broad. It encompasses both micro-economics and macro-economics 
through the differential approaches to educational costs and benefits 
from individual, firm, and national viewpoints. 
Among the major areas of traditional micro-economic theory given 
wide usage in the economics of education field are consumption theory, 
theory of the firm, and growth theory. 
In the macro-economic area the problems of a country or of some 
other geographic area are treated by trying to discover the interrela­
tionships between educational investments and other segments, or charac­
teristics, of the society. One of the most popular applications of this 
type of study is in growth theory and in the effectiveness in speeding 
economic growth, particularly in underdeveloped countries. It is the 
usual case in underdeveloped countries that education, as embodied in 
human capital, is relatively scarce and its productivity is relatively 
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high. 
The study of the economic nature of education has been criticized 
because it treats only a portion of what is a much more complicated 
matter. Robert G. Spiegelman has presented three reasons for studying 
the economic objectives (78, p. 1); they are important, they are sus­
ceptible to quantifiable measurement, and recent studies show that edu­
cation can contribute to national product.^ 
Becker was one of the first to subject education to micro-economic 
theory. He showed that methods of micro-economic theory can be applied 
to explanation of individual investments in education. Within this frame­
work Becker fostered a somewhat broader concept of education than usual. 
He saw investments in people taking such forms as on-the-job training and 
medical care, as well as formal education. This study will deal with 
the manner in which an individual invests in formal and vocational edu­
cation to achieve an optimal mix of skills (i.e. human capital). 
B. Divergence of Private and Social Optimums 
The economist is constantly faced with situations where the maximizing 
efforts of individuals, when viewed in aggregate, do not result in a 
maximizing situation for society. The complicating factors which 
^Spiegelman has cited five studies supporting this statement. These 
studies indicate that "advance of knowledge" accounted for two-fifths of 
the growth in real income in the U.S. from 1929 to 1957 (26). They show 
that, 1) people receiving more education tend to earn more, even after 
adjustments for differences in sex, region, race, ability, physical con­
dition and other items; and 2) the combination of general and vocational 
education tends to pay off more than only vocational education (78, pp.1-3), 
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cause this divergence can be covered in the single category of factors 
which cause social costs to differ from an individual's costs, and 
factors which cause social returns to differ from an individual's re­
turns. These costs and returns both refer to these elements for de­
cisions of a single individual. The fact that particular costs and/or 
benefits differ does not, however, insure that the actions of individuals 
will not result in the optimum for society. Compensating distortions 
may occur with the resulting situation being a social optimum. 
While some distortions are characteristic of the system, such as ex­
ternalities and the social versus the individual discount rate, other dis­
tortions, such as the public versus the individual cost of education, can 
be manipulated (if only very slowly and within narrow bounds) and may be used 
by society to make the aggregate of individual decisions conform more close­
ly to what is deemed as socially optimum. 
An important cause of the divergence in social and individual optima 
is the externality. This may take the form of either an external economy 
or an external diseconomy. In the case of education these externalities 
are most often considered to be economies, resulting from such items as 
economic growth which is stimulated by the educated, or from a more re­
sponsible government. The first type of externality, which leads to greater 
economic prosperity for everyone, is the principal externality attributed 
to education. As such this is a principal justification for the large 
expenditure of public funds to subsidize the educational system. 
That optima may differ for individuals and for society is one of the 
two major reasons for educational subsidies. The other major reason is 
for income redistribution, both immediate subsidies to students and capi­
tal investments in people of many financial backgrounds. These capital 
investments lead to increased future income and possibly a more even 
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distribution of income in the future. 
One of the principal objectives of this study is to discover if a 
divergence of individual and social optima is likely to occur in the 
choice of occupations. If there are divergences, it is important to 
consider how great these divergences are and what factors are most im­
portant in causing these divergences. 
C. Cost-Benefit Analysis - A Maximization Technique 
The cost-benefit analysis is used to place measures on alternative 
programs and, thus, give a rational basis for choice among them. While 
some studies may relate the average aggregate returns to education, policy 
decisions are made on the basis of the specific contributions expected 
from individual programs. This maximizes the return from a marginal 
educational investment. When costs include the returns forgone the 
objective of economic policy should be to maximize the discounted dif­
ference between benefits and costs. Cost-benefit analysis is the method 
by which benefits and costs are valued and these values then discounted 
to present-values. 
A present-value of an asset is the sum resulting from discounting 
a stream of net returns from that asset, to the present, and summing 
these discounted returns. In calculating present discounted costs and 
benefits the cost-benefit analysis essentially calculates two present-
values. The present-value of costs is subtracted from the present-value 
of benefits to obtain an estimate of the net benefit. 
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Alternatively, costs could be treated as negative benefits and only one 
calculation made for the present-value of the particular investment. 
Actually the use of cost-benefit and present-value are equivalent. The 
difference in these methods is that present-value is generally applied 
to individual capital investments while the cost-benefit analysis is 
applied to entire projects to justify their use, or to choose between 
several of them. 
Using the cost-benefit approach, a simple formula tor educational 
benefits would be: 
= discounted benefits from increased wages 
i = the age group of the n different groups 
= the number of people in age group i, in the program 
j = the year, from the present (1) to retirement (T^) 
= the number of years until retirement for age group i 
r^. = the probability that employment will be terminated because 
^ of death or disability in year j, for age group i 
= the net increase in yearly wages, due to the program, in year j 
d = yearly discount rate for future earnings. 
In the preceding formula all discounted benefits are realized from 
an increase in wages. If other factors are to be considered as benefits 
accruing to the individual their values should be added to the term, 
and the resulting net value, Rj, substituted for W^. There may also be 
benefits to society, not accruing directly to any of the individuals 
n Ti 
B^ = Z N-Z (1-r. .) 
1=1 j=l 
where ( 1 . 1 )  
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considered explicitly. Such benefits need to be treated separately 
from the individual returns. A new formula for total discounted benefits 
can then be represented by: 
n Ti . Ti , , 
B- = 2 M- 2 (l-rii)R./(l-d)j-^ + 2 SL/Cl-d) " , where (1.2) 
^ i=l ^ j=l ^ k=l 
= total discounted benefits 
Rj = the net increase in individual benefits, due to the program, 
in year j 
k = the year, from the present (1) to the time horizon (T) 
Sj^ = the net increase in social benefits (not accruing to in­
dividuals in the program) in year k. 
While the costs are often realized in a lump sum, at the beginning 
of the time period, they may also be strung out over several time periods. 
In this case costs must be discounted in the same manner as returns. 
Costs can also be divided into private costs to participants and social 
costs. Private costs consist of direct costs, such as books and tuition, 
and income forgone. Social costs are the total costs of the program, net 
of tuition payments. A formula for discounted costs is 
T - 1 T 
C™ = N 2 C./(l-d)J"^ + 2 G^y(l-d)J"'- , where (1.3) 
j=i ^ j=i ^  
Cq, = total cost 
n 
N = 2 N. 
i=l ^ 
j = the year in the program from the present (1) to completion (T) 
T = the number of years until completion of program 
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Cj = private cost per individual in the program, including direct 
costs and income forgone 
C„- = social cost of the program, net of tuition payments. 
s J 
Cost-benefit analysis is subject to numerous shortcomings and pos­
sible pitfalls which include, the failure of the market mechanism to 
achieve an efficient allocation of resources, the existence and the es­
timation of external diseconomies, the estimation of future values, the 
identification of the proper discount rate, the identification and the 
valuation of alternative uses of the resources (if this is considered), 
and the general impossibility of including all possible items of cost 
and benefit. In elaboration of the last of these shortcomings, there 
are numerous nonquantifiable items which, by this characteristic, can­
not be explicitly included in the cost-benefit analysis, but which are 
still quite important. Gerald G. Somers considers this nature of cost-
benefit analysis in evaluating social welfare programs in his statement 
that, "moral, social and political considerations may very well be more 
important, and those who engage in cost-benefit analyses are not--or 
should not be—unmindful of this fact" (77, p. 4). 
Recognizing these limitations of cost-benefit analysis it can be 
supposed that a cost-benefit analysis of an educational program is likely 
to be an inexact partial analysis. Indeed, the cost-benefit analysis is 
such a procedure of educated guesswork. At the same time few would deny 
that it does indeed add a needed element of light to the procedure of 
choosing between alternative programs. There is also a certain redeeming 
quality in the same inexact nature of cost-benefit analysis that brings 
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much of the criticism against it. While the analysis is limited to 
dealing with certain quantifiable parameters the selection of what 
parameters to consider and how they are to be valued allows a weighting 
of elements, according to their social importance.^ 
A major difference in the cost-benefit studies which have been done 
in education lies in the items considered as costs and as benefits. 
Benefits may include the reduction in juvenile delinquency, as for 
Spiegelman (78, pp. 109-119), or be only the net increase in expected 
earnings, such as Becker uses (8). In the calculations of educational 
costs it is not clear which items should be included. Cost estimates 
may be the average total cost per student or some lesser amount, such as 
average total cost minus capital expenditures, or average instructional 
cost. While these are reflections of societal costs individual costs 
might also be used. These costs are the sum of tuition, income forgone, 
educational supplies, and any other expenditures which are specific to 
the particular educational program, such as transportation to and from 
classes. The proper items to include in the calculation of either costs 
or benefits depends on the problem to which the results are to be applied. 
D. Present-Value and Rate of Return-Maximizers 
The present-va lue theorem equates the current value of an invest­
ment to the stream of net revenue available from it, discounted at the 
^Suppose the major social consideration is the effect of a program 
upon the incomes of families which have low incomes at present. The so­
cial returns considered in cost-benefit calculations may be the increases 
in individual incomes of low income families and increases in local 
property values, but not possible change in incomes of higher income fami­
lies who may face lower incomes because of increased competition for their 
jobs. Thus incomes of higher income families are implicitly given a 
weight of zero. 
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market rate of interest(l4,p.483). Under the present-value theorem if 
the immediate cost of the investment is less than this current value 
it is desirable to undertake the investment. This difference between 
current value and present cost is known as the present-value of an asset. 
The present-values referred to when dealing with this study in economics 
of education are the present-values of particular income streams. Under 
the present-value theorem all investments with positive present-values 
will yield a profit if undertaken. If a number of investment opportuni­
ties were available but only one could be chosen, as for an individual 
choosing an occupation, the optimum selection would be that selection 
with the maximum present-value. 
A decision criterion which is often equivalent to the present-value 
method is the rate of return. In this procedure the rate of return 
is the discount rate which would make the discounted stream of net 
revenue, from an asset, equal to its cost. In the case of a firm, if 
the rate of return on an investment is greater than the interest rate 
for funds the investment is profitable. In the case of a firm, with un­
limited resources, all such investments should then be undertaken. A 
different sort of situation faces a decision maker who can select only 
one investment at a time, such as an individual selecting an educational 
investment. 
Lee Hansen suggests that there are three ways to approach economic 
returns to individuals from schooling. These are "(1) the value of 
lifetime earning as set forth by Miller (53), (2) the present-value of 
lifetime income as set forth by Houthakker (37), and (3) the rate of 
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return on investment in schooling...." (33, p. 137). The studies of 
Miller and Houthakker, as pointed out by Hansen, do not account for the 
educational costs and treat the returns as "gravy". Also, the value 
of lifetime income completely ignores the distribution of income over 
time, by having no discount factor. These limitations can be overcome 
by using the present-value approach of Houthakker, but adding negative 
returns for educational costs. Then it is no longer clear that Hansen's 
rate of return approach has any advantage over the present-value approach 
as he stated. It will be shown that, in some situations, the use of the 
present-value approach is preferred. 
Becker (9) and Hansen (33) used very similar applications of the rate of 
return concept to education. They both dealt with a single general edu­
cation activity, differentiated only by the level one had reached with­
in the activity. There was only one alternative allowed to staying in 
the educational activity. This alternative was to enter the labor force, 
into an occupation defined completely by the educational level of the 
entrant. As the alternative activity is uniquely defined the income 
forgone by continuing in the educational program is also uniquely defined. 
This income forgone is used as one of the costs of the education 
activity. Except for the possibility of nonunique values,^the rate of 
^A problem with the rate of return maximizing procedure is that it 
does not necessarily yield a unique interest rate, for the rate of return. 
As an example of how multiple solutions may occur for the rate of return, 
the following simplified case offers an illustration. In this case, re­
turns are realized only at the ends of two equal length periods and the 
cost occurs in a lump sum at the beginning of the first period. 
C = Ri/(l + r) + R2/(l+r)2; (l + r)^C = (l+r)R]^+R2; C+2rC+r2c=R]^ + rRj^+R2 
(C-Rl-R2)+(2C-R, )r + Cr2 = 0; Let: = C-Ri-R?, and 2C-R]^. Then: 
r = (—— 4 y C)/2C, or r — ( —^ —— 4 ^ C)/2C. 
In this very simple case it is seen that r, rate of return, may have 
two possible values, with no assurance that they are both real numbers. 
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return concept is quite accurately used in these analyses of returns 
from education. This results from there existing only two possible ac­
tivities, education and work, so that the education activity could be 
assigned the cost of income forgone by not being in the work activity. 
In the case where many educational investment opportunities are 
available at a given time, but only one can be chosen, the investment 
with the maxiaium rate of return is not necessarilly that which gives the 
maximum excess of returns over costs. Such a situation could occur only 
when the cost and one or more of the returns for the investment with the 
higher rate of return are smaller than their counterparts for an invest­
ment with the smaller rate of return. In such a case, while the rate of 
return is higher on the smaller investment the "profit", or excess of 
discounted returns over costs, is greater for the larger investment. 
R. S. Eckaus (27) has criticized the rate of return criterion for 
education and suggested an alternative approach. The basis of this method 
was to measure these educational requirements directly. He compiled 
this information on present educational requirements by the following in­
formation: "1) a complete listing of employment, sector by sector, in 
job categories which permit the distinction of the differential educa­
tional and training requirements for each sector; and 2) a description 
for each job category of the amounts of the various types of education 
which are required for an average level of performance on the job" (27, 
p. 183). These estimates of educational requirements are the amounts re­
quired by the labor force for productive endeavors and, thus exclude un-
15 
employed education, education for consumption purposes only, and edu­
cation used in searching and selection functions. 
A critical difference between Eckaus' study and the analysis o£ 
this study is that, in the Eckaus study, jobs are broken down by Standard 
Industrial Classifications (SIC's) and in this study by occupational 
classifications (DOT's), from the Dictionary of Occupational Titles, 
1965 (89). SIC classifications define industries, by their products, 
and DOT classifications define jobs by their characteristics. Thus, 
while the industries defined by SIC may have different characteristic 
job mixes, they aggregate a large number of different job types, requir­
ing different skills, into the same category. Also, the same type of 
job may well be included in numerous industries. Thus, while aggregate 
measures of vocational training and general education required are equal­
ly valid in both disaggregations the DOT, or a similar type of 
breakdown, by job types, gives the most meaningful information about 
what mixtures of the two training types are required. Since each industry 
includes numerous job types it might be expected that the estimated edu­
cational requirements would be more similar between industries than they 
are between job types. 
E. Human Capital 
Becker (8) took an integrated approach to individual investments 
in education and applied the concept of present-value (long a founda­
tion stone of traditional capital theory) to educational investments 
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in humans leading to human capital formation. By discounting both costs 
and returns by a predetermined discount rate he arrived at present-values 
for leaving the formal education system at various points- As previously 
indicated the internal rate of return was also used by Becker to com­
pare the productivity of investments in human education to the produc­
tivity of the same resources when invested in alternative manners. 
Becker's empirical work dealt principally with formal education rather 
than vocational education. He formulated a general analysis of invest­
ment in human capital which offered a unified explanation of numerous 
empirical phenomena.^ 
The present concern with investments in human capital has developed 
recently as it has become increasingly evident that the increases in 
output could not be adequately explained by investments in physical capital 
^"Among these phenomena are the following: (1) Earnings typically 
increase with age at a decreasing rate. Both the rate of increase and 
the rate of retardation tend to be positively related to the level of 
skill. (2) Unemployment rates tend to be inversely related to the level 
of skill. (3) Firms in underdeveloped countries appear to be more 
"paternalistic" toward employees than those in developed countries. 
(4) Younger persons change jobs more frequently and receive more school­
ing and on-the-job training than older persons do. (5) The distribution 
of earnings is positively skewed, especially among professional and other 
skilled workers. (6) Abler persons receive more education and other 
kinds of training than others. (7) The division of labor is limited by 
the extent of the market. (8) The typical investor in human capital is 
more impetuous and thus more likely to err than is the typical investor 
in tangible capital" (8, pp. 7-8). 
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alone. Investment in human capital is an important determinant of out­
put as it deals with the changing character of the labor force and, less 
directly, with changing technology. 
At one time economists considered labor as a homogeneous commodity 
which remained constant over time. Such an assumption is no longer 
tenable because of a rapid increase in labor skills. Most of the present 
works in economics of education are in the realm of macro-economics, with 
some work of a more aggregative nature than others. As investments in 
human capital are an important determinant of productivity, there is a 
considerable literature of human capital as applied to growth theory. 
Other work produced in economics of education, while of a more narrow 
focus than growth theory and national planning applications, has dealt 
with returns to formal education. These works treat aggregate data to 
determine aggregate returns to educational investments. While the models 
presented by Becker are applicable to the micro problems of returns to 
the individual, his empirical work deals with the calculation of returns 
to formal education. While some studies have differentiated the popula­
tion by factors, such as intelligence quotient (8, pp. 7 9-88), to derive 
returns for different groups of the population, they still are far from 
individual decision models. They do, of course, add some additional in­
formation to that already held by individual planners. 
The human capital concept encompasses a much wider arena than the 
singular effect of formal education on human productivity. The educa­
tional component of investment in human capital takes the forms of both 
formal and informal education. The informal component consists of 
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on-the-job training and any other educational procedures o£ even looser 
structure. In addition to the educational component investment in human 
capital also takes the form of investments in health, information about 
employment opportunities, and investments in migration. 
The human capital concept can take one of three different focuses 
as determined by its basic frame of reference. The first possibility is 
the totally macro view of the labor force as one productive factor. In 
such a case methods of investing in human capital may not be differen­
tiated and all become comparable under a common measure of money value 
of the increase in output. In the aggregate production function such 
investments may be reflected either as increases in the quantity of 
labor (i.e. embodied capital), or as changes in the parameters of the 
production function (i.e. disembodied capital). Another possible frame 
of reference is the individual, where each individual is treated as a 
capital unit. In this embodied capital concept the person can be a 
capital unit of variable magnitude. This magnitude is dependent on the 
amount of investment which has been embodied in him. There are, of 
course, numerous levels of disaggregation between the two types of focus 
presented so far. Breakdowns by geographical determinants, industries, 
trades, skill categories, educational background, or some other classi­
fication may be useful, depending on their application. 
The third frame of reference for human capital is also the most dis­
aggregated. In this framework individuals are complex embodiments of 
many capital forms. An individual is much like a single product firm. 
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The single product of the individual is his productivity, most likely 
measured in monetary units. Within his firm the individual wishes to 
invest in those items which will lead to the maximum excess of returns 
over costs. Whenever an investment opportunity that yields a rate of 
return higher than that on alternative investment opportunities presents 
itself, the individual is motivated to invest in it. Thus, the differ­
ent skills of the individual investor are analogous to the many types 
of capital goods of an actual firm- Within this context "traditional" 
capital theory can be applied to human capital. Some modifications are 
necessary in the traditional theory as the situations faced by the in­
dividual and the firm, while showing the noted similarities, also have 
several differences. A capital asset acquired by a firm has an expected 
life which is a function of the investment. A capital asset embodied in 
an individual has the life time corresponding to the time until the in­
dividual's retirement, disability, or death, whichever occurs first. 
Capital assets of a firm have a value for which they can be sold on the 
market. The embodied nature of human capital makes it impossible to 
transfer. A firm can acquire capital in a very short time and can un­
dertake an almost unlimited number of acquisitions at any given time. 
The process of embodying capital in humans is a time consuming procedure, 
particularly for informational capital, such as education. This means 
that humans can select only a limited number of investments at a time. 
The time consuming nature of educational investments also means that the 
remaining time of the individual in the job market is reduced by this 
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amount. Since the value of the elements of human capital is dependent 
on the length of time they are used the existence of many profitable in­
vestment opportunities does not mean that all such investments should be 
made. 
The use of a unit of physical capital tends to wear it out and thus 
decrease both its marginal and total remaining productivities. The use 
of an element of human capital is likely to increase its marginal pro­
ductivity; however, its total remaining productivity is still decreasing 
as total expected productivity anticipates this increase. 
When a firm acquires additional units of capital it is generally 
assumed that the output of these additional units will not affect the 
output generated by capital units previously owned. (The inclusion of 
certain economies, or diseconomies, may sometimes be appropriate.) A 
human is a firm of very restricted scale. The existence of several types 
of human capital in an individual does not mean that his output is ap­
proximately the same as these types of capital would yield if incorporated 
in several different people. That a person holds the skills needed of a 
gardener, an engineer, and an economist does not mean that he can perform 
all three tasks as if he were three different people with each performing 
one of these tasks. The human firm is thus much like a firm with one 
critical factor fixed. The analogy might be made to a firm with a fixed 
quantity of labor, where the use of new capital can be made only at the 
expense of output from old capital. 
In general the firm selects that mix of capital inputs which 
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maximizes its profits, with time required for acquisition a fairly un­
important consideration- The investor in human capital chooses that 
time path of investments which maximizes the present-value of his flow 
of output. To him the time required for acquisition of this capital, 
as well as the time in his productive life at which he acquires this 
capital, is quite important. 
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II. INDIVIDUAL EDUCATIONAL INVESTMENTS 
A. Theoretical Construct 
Human capital and investment in the same, through education, is 
characterized by the fact that, unlike nonhuman capital, there is a 
bound beyond which its use in generating future income (Y^) cannot be 
substituted for the generation of present income (Yq). This results 
from the existence of some maximum rate of use of a human being. That 
is, there is an upper bound to the output of the human factory. The 
activities of a human being in a given period affect returns in the 
future, primarily as nonuse in generating present income is compensated 
for by additions to human capital, leading to increases in future in­
come. Age, by itself, is assumed to have no effect on income. When the 
nonuse of human resources in a period is not compensated for by addi­
tional investments in human capital (i.e. the individual is unemployed) 
there may even be some negative effect on future income as nonuse of 
skills may result in their decrease, relative to the situation existing 
if these skills were employed in the same period. This possibility 
realizes that most working experiences are also partially educational 
experiences. Preliminary constructs are developed under the assumption 
that there are no original holdings of wealth. The analysis is based on 
articles by Hirshleifer (36) and Bailey (6), dealing with investment de­
cisions with greatest emphasis on the two-period analysis of Hirshleifer. 
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Figure 2.1 presents a production possibility frontier,^ OPO', where 
the individual has the possibility of being anywhere on, or to the left 
of and below, the frontier. The figure represents two time periods of 
equal length with Y^, the horizontal axis, showing income in the initial 
period, and , the vertical axis, showing income in the second, or 
final period. Obviously all points to the left of and below OPO' are 
dominated by at least one point on the OPO* frontier. Thus a rational 
individual would wish to be somewhere on the frontier. This representa­
tion of a decision unit operating with limited resources, shows the 
limiting situations of 1) realizing the maximum possible in the initial 
period, leaving nothing for the second period, which is point 0'; or in­
vesting everything in the initial period and reaping the maximum possi­
ble return in the second period, which is point 0. Intermediate points 
between 0 and 0' represent the possibility of investing various amounts 
in the initial period with these investments resulting in increased pro­
ductivity in the second period. The concavity from below of OPO' reflects 
the diminishing marginal productivity of additional investments. 
If a singular interest rate (discount rate) can be identified for the 
decision maker selection of the optimum point on the frontier is relatively 
easy. The interest rate relates the relative values of returns in the two 
periods. That is, a unit produced in the first period is equal in value 
^In speaking of community production possibilities what is called 
here the "production possibility frontier" is often referred to as the 
"opportunity line" or the "technical transformation curve" (14, p. 481). 
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0 Slope = 1+r 
Figure 2.1. The optimum production point on a simple production pes 
sibility frontier under a singular interest rate 
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to this amount plus the fractional unit represented by the interest 
rate, of production realized in the second period. Therefore the optimum 
production point on the production possibility frontier is that point 
where the sacrifice of one additional unit of current production yields 
1 + r times the gain in future production where r is the interest rate. 
At this point the slope of the frontier is 1 + r and is shown in Figure 
2.1 as point P. 
The selection of the optimum production point does not determine the 
consumption pattern of the decision maker, as indifference curves^ can be 
added to the diagram. These indifference curves, which are convex to 
the origin because of the diminishing marginal utility of income, dic-
2 tate whether the individual will be a borrower, a lender, or neither. 
Several modifications are needed in the model presented thus far, 
in order to give a realistic representation of the situation faced by 
an individual facing investment decisions in his own human capital- The 
first adjustment as presented in Figure 2.2 is the probable extension of 
the present output axis, Yq, into the negative quadrant; a situation, 
possible but not necessary. Points in this negative quadrant represent 
current use of capital in excess of any output realized in the same 
^These indifference curves are called "willingness curves" in tradi­
tional capital theory as they reflect the willingness to substitute future 
for present consumption. 
^The line of tangency to the optimum production point, with slope 
1+r, is drawn. If this line is tangent to an indifference curve to the 
right of and below its tangency with the production frontier the indi­
vidual will borrow to this point. If the tangency is to the other side 
of the tangency with the frontier the individual will lend to this point. 
It is also possible that both tangencies will occur at the same point, in 
which case there will be neither borrowing or lending. This is based on 
the obvious assumption that the money market is perfect with borrowing 
and lending rates being the same. More thorough explanations of this 
analysis are widely available, such as that by M. Blaug (13, p. 481). 
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slope = 1 
Figure 2.2. Extension of the production possibility frontier to the 
negative quadrant and its dual truncation 
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period. This situation of net capital consumption may be the usual 
case for those engaged in a full-time educational program. 
Human capital in the form of knowledge and skills is not depleted 
through use. If a person is employed full-time in the initial period, 
investing nothing in human capital through organized educational pro­
grams, he would be expected to be capable of at least filling the same 
job in the next period. Thus, there is a point, along the frontier, be­
yond which it is not considered possible to substitute future output 
for present output. This point lies on the frontier where the distance 
along the YQ axis is equal to 1 + ^  times the distance along the axis. 
The natural growth rate of income represented by ^  , is the rate at which 
income is expected to increase (if positive), or to decrease (if negative), 
when there are no additions to the stock of human capital. As shown in 
Figure 2.2, OY]^ = 0YQ(1 + /O), or alternatively, (1 +/°) = OY|/OYQ. The 
I • 
value of OY^/OYQ varies from zero at the intersection of the production 
possibility frontier with the YQ axis to infinity at its intersection with 
the Y^ axis. When these two intersection points are connected by a con­
tinuous function any value of OY^/OYQ between zero and infinity can be 
found at some point along this line. The point with slope (1+yC), which 
is the right-most limit to the production possibility frontier for an in­
dividual making capital investments in himself, will be designated as 
point A. At point A no investments in human capital are made at the sacri­
fice of current income. 
A second truncation of the production possibility frontier is made 
at the point B, where the frontier has unitary slope. To the left of this 
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point, along the original frontier, losses in present production were 
compensated for on less than a one-for-one basis by future production. 
The remaining frontier, if it has a finite length, has, at all 
points, a slope greater than or equal to one. This result is derived 
from the frontier being continuous and smooth with a second derivative 
which is never zero and a first derivative which is negative and continu­
ous. The possibility exists that once point A is defined no portion of 
the frontier will remain which has a slope greater than one. Then the 
remaining frontier becomes the single point A (which can also be de­
fined as B) since as A and B approach each other in the limit, they be­
come the same point. This case represents a situation where no invest­
ment opportunities in human capital exist that have positive rates of 
return. Thus, the only alternative is to continue in the same job. 
When the frontier has a finite length the interest rate, or rates, 
become important in determining the amount of investment in human capital, 
if any, that should be undertaken. 
At this time it is re-emphasized that this analysis deals with a 
frontier. Therefore, the multitude of possible investment possibilities 
have been reduced to those yielding the maximum sets of returns as repre­
sented on the frontier. As will now be shown the interest rate is in­
strumental in selecting from this reduced set of investment alternatives. 
If the person is confronted with a singular interest rate the analysis 
is identical to that of Figure 1, if the frontier contains a point with 
a slope of 1 + r. When the frontier has no such point the maximizing 
point is either A or B. If 1+r is greater than the slope of any point 
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on the frontier the maximizing point is A. For B to be the maximizing 
point 1+r would have to be equal to or less than one. As this necessi­
tates a non-positive interest rate and negative interest rates are con­
sidered as not feasible, B can be a maximizing point only if the interest 
rate is zero. 
Figure 2.3 presents the production possibility frontier and two dif­
ferent lines tangent to the frontier, with slopes of l+r^, and l+r^, 
where rj^ indicates the rate at which money can be borrowed and r^, the 
rate at which money can be lent. The points of maximum consumption (i.e. 
"consumption possibility frentier")are represented by RiP'PRjj. The 
production possibility frontier is a net concept measured by the gross 
output in the period, minus the intake of capital, net of consumption ex­
penditures. Consumption expenditures are total expenditures minus in­
vestment expenditures. As a minimum level of consumption is necessary 
for sustinence, all consumption will be in the positive quadrant. Thus, 
anytime that the optimum point on the frontier lies in the negative YQ 
quadrant, borrowing must necessarily occur until the tangent to the 
frontier at the optimum point is also tangent to an indifference curve 
in the positive quadrant. (Consumption from accumulated wealth will be 
considered shortly.) 
Figure 2.4 shows the three general cases which may occur when two 
different interest rates, a borrowing rate and a lending rate, exist. 
The indifference curves shown are from three different sets of indifference 
curves and are presented on the same graph only for illustrative purposes. 
In the case where R^P' is tangent to the person invests to P' and 
Figure 2.3. Extension of the production possibility frontier to a 
consumption possibility frontier 
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0 
Figure 2.4. Production and consumption optimums combined 
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lends to the tangency point. The proper interest rate to use is the lend­
ing rate, Where PP' is tangent to U2 the person produces and consumes 
at the tangency point. The proper interest rate is one minus the slope 
of PP* = the slope of U2, which lies somewhere between r^ and ry. Where 
PRjj is tangent to Ug the person produces at P and borrows to consume at 
the tangency point, with r^ the correct interest rate. 
Wealth holdings by the individual will now be added to the model de­
veloped so far. It will be shown that while holdings of wealth do enter 
the decision making with respect to investments in human capital, the 
basic analysis, as presented to this point, remains unaltered. 
The incorporation of wealth into the model necessitates the separation 
of the output (Y) axes and the consumption (C) axes, as presented in 
Figure 2.5. Possible consumption in the initial period exceeds the amount 
of possible output by the initial wealth holdings, which will be designated 
as WQ. This results in a shift of the production possibility frontier to 
the right by the Wg amount. Consumption possibilities in the second 
period exceed output possibilities in that period by the maximum quantity 
of wealth holdings in the period. The possible wealth holdings are the 
initial wealth holdings plus any yield from such holdings. Thus, possible 
wealth in the second period is (l+r')wQ, where r' is the average rate of 
return on wealth. A second shift of the production possibility curve 
upward by this amount furthers the transformation of the production 
possibility curve to a consumption possibility curve. This transformation 
is completed when the lines representing lending and borrowing possibili­
ties are added. The orientation of the consumption possibility curve 
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(1+r'V 
Figure 2.5. The addition of wealth to consumption possibilities 
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with respect to the consumption axes and the position of indifference 
curves with respect to the consumption possibility curve are added to 
the analysis by the addition of wealth. The remainder of the analysis 
relating to the relevant interest rate, remains unchanged from that 
formerly presented. 
The addition of wealth presents the possibility that a person can 
be operating in the negative YQ quadrant and still be a net lender in 
the initial period, a result which was not possible before wealth was 
added. 
What constitutes wealth will not be given a strict definition. 
Which elements of the total wealth are available for current consumption 
depends upon the motives for holding the assets (e.g. contingency balances) 
as well as liquidities and the time periods considered. Wealth is intro­
duced to show that the model,developed under the assumption of no wealth 
holdings, is basically still valid when this assumption is relaxed. 
While the model developed here parallels much of the traditional 
capital theory its application to empirical operations is limited by 
the use of only two time periods (6). An extension of the analysis to 
three time periods with a three-dimensional production possibility sur­
face, two-dimensional borrowing and lending planes (to establish the con­
sumption possibility frontier), and a set of three-dimensional indiffer­
ence surfaces can be visualized and is on the outer bound of graphical 
capabilities. Extension, into additional dimensions is equally relevant, 
where the dimension of such analysis would equal the number of periods 
considered. 
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The consumption pattern of the investor in human capital is not 
important in the following analysis, which has the objective of an 
optimum allocation of resources through the best investment policy. At­
titudes toward consumption are important as they are ultimately expressed 
in the interest rate, indicating the relative levels of utility applied 
to consumption and indirectly to income or production in different periods. 
If a person is a wealth-holder the marginal rate of return to ad­
ditions to his wealth should reflect the rate at which he discounts 
future returns. Implicit in this statement is the assumption that wealth 
is held only for the consumption which it allows in a future period. 
Under this assumption the correct rate to discount returns to investments 
in human capital is this same marginal rate, which will be designated as 
r, not the average rate of return to wealth, r'. 
The effectiveness of special educational loans at a low interest 
rate can be analyzed within the structure of the model which has been de­
veloped. Figure 2.6 presents the situation where such special loans are 
available in quantities as large as the present total cost of the invest­
ment. These loans at a rate r^, where mean that a person can bor­
row to a point with a Yg coordinate equal to that of point A. From this 
asset position he has the options of borrowing or lending to his point 
of maximum utility. A person faced with this possibility will always 
borrow the maximum possible as this extends his consumption possibility 
frontier to its fullest. Thus, a person would borrow to the point Q', 
and consume at that point if his indifference curves looked like that rep 
seated by U2, would borrow, at interest rate rjj if his indifference curves were 
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slope = 1 + r. 
slope = 
slope = 1 +r. 
Figure 2.6. Extension of the consumption possibility frontier via low-
interest educational loans 
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represented by U3, and would lend, at interest rate r^, if they looked 
like that represented by U^. Borrowing any quantity less than the maximum 
possible would only lead to a constriction of the consumption possibility 
frontier, as represented by R2"Q"R^ . It should be noted that in all 
the cases presented the low-cost loans have resulted in an increase in 
educational investments. 
There are cases where educational loans at this low rate will not 
stimulate educational investments. The first such case is where the 
production possibility frontier is either a single point or has a slops 
which is, at all points less than 1 + r^. For these cases there had 
been no educational investment before the loans were made available and 
the low rate was not sufficient to stimulate such investments. In the 
case of a single point production possibility frontier no interest rate 
could stimulate such investments. 
A second situation where low-cost loans fail to stimulate educational 
investment occurs when a person initially faces an imperfect money market, 
with r^7»r^. When the slope of the production possibility curve at the 
pre-loan maximizing point is less than l+r^ the low-cost loan fails to 
stimulate investment. Such a situation is presented in Figure 2.7 as l+r^ 
is less than the slope of the production possibility surface at its 
tangency with the indifference curve, U. Investment could be stimulated 
at a lower interest rate, r', where r' is less than the initial discount 
rate. 
Another case where low-cost loans fail to stimulate educational in­
vestment occurs when the assumption that such loans are available in 
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slope = 1 + r 
Figure 2.7. A failure of low-interest loans to stimulate educational 
investments 
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quantities adequate to compensate for all current income forgone, is 
dropped. Figure 2.8 shows that there is a critical quantity a low-cost 
loan must equal or exceed to induce an increase in educational investments. 
A loan of quantity YpY^ results in the consumption possibility frontier 
R'R' which is contained within the frontier RR, which is achievable 
without such a low-cost loan. With an available loan of quantity YpY^ 
at interest rabe r^, the decision maker is indifferent between borrowing 
and not borrowing. Only if loans of a size greater than YpY^ are avail­
able, such as YpYj, will such loans induce additional educational in­
vestments. While Figure 2.8 assumes a perfect money market this is not 
necessary as an identical analysis is applicable to a market with rj^^'r^. 
B- Personal Discount Rate 
"The present-value of an individual's future income depends upon 
the individual's preference for present consumption. However, when con­
sidering investment as a means for increasing future income, the invest­
ment may be financed from past savings, current income, or by borrowing. 
Thus, the cost of financing an investment may be determined by an in­
dividual's time preference for consumption (expressed as a rate), the 
rate of return that could be earned if alternative use is made of ac­
cumulated resources, and/or the rate at which one may borrow additional 
resources. Since these rates vary among individuals and groups that dif­
fer in wealth, age, etc., no single interest rate can be said to repre­
sent the cost of financing an investment for that group" (20, p. 30). 
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slope = 1 
slope = 1 + r 
R*» 
Figure 2.8. The critical low-interest loan necessary to induce addi­
tional educational investment 
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The above paragraph is consistent with the ideas expressed by 
Hirshleifer (36), and in the preceding theoretical construct. That is, 
there is no single individual discount rate and the rate for any individu­
al person lies somewhere in the range, from his possible return on a risk-
less investment to the return he must pay for borrowed funds. 
In an equilibrium situation there exists only one interest rate, and 
not three. This means that a person would not be borrowing funds when he is 
presently holding assets on which the return is less than the marginal bor­
rowing rate. (The borrowing rate in the following discussion is this mar­
ginal rate.) He also would not be in an equilibrium situation if the re­
turn rate on investments is greater than the borrowing rate; for in this 
situation he would continue to borrow funds and invest them at a higher re­
turn. Thus, the marginal return on investments is equal to the borrowing 
rate for a person who is observed to both borrow and invest. The borrowing 
rate is then the correct rate to use to discount returns from educational 
investments of such an individual. 
If a person is a borrower the only obvious rate of discount for 
educational investments is the borrowing rate. If, instead he is a lender 
the lending rate should be used to discount educational investments. If 
he is neither a borrower or lender all that can be said is that the cor­
rect discount rate lies somewhere between the borrowing and lending rates. 
Since all people who have funds to invest can get a certain minimum 
guaranteed return, say five percent (14, p. 31), this same floor can ap­
ply to all personal discount rates. Under the assumption that people, 
particularly those who are willing to invest at the minimum rate, are 
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risk averters, a positive risk factor should be added to this riskless 
rate. When educational investments are considered the risk factor should 
be particularly important as there is much uncertainty as to the absolute 
amount of future returns, the possibility of not being able to fulfill 
the educational requirements, and the actual job content and require­
ments. 
C. Returns to Education 
The most general economic assumption, that man is continually 
striving to maximize and that the economic man strives to maximize in­
come, will also be a basic premise here. The assumption that, "an 
individual chooses that occupation for which the present-value of his ex­
pected income stream is a maximum" (11, p. 35), a more specific state­
ment of the same assumption, but specific to the use of human capital, 
is applied in this work. Also included in this study is the assumption 
that a person wishes to choose that occupation and that method of quali­
fying for it, which maximizes the present-value of his expected income 
stream. Within this assumption provisions will be made for making ad­
justments for personal preferences, risk attitudes, etc., as will be 
explained later. 
Many of the other studies in economics of education concern them­
selves entirely with returns to formal (i.e. general) education, disre­
garding the other methods of investing in human capital through educa­
tion. By dealing only with formal education it is possible to assume 
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only one type of education in a time continuum. Within this framework, 
rational people continue their investments in formal education until the 
rate of personal return on these investments equals the personal discount 
rate. This method of arriving at the optimal level of educational in­
vestment is based upon the assumption of decreasing returns to educa­
tion, an assumption that has received some support (8, p. 82), but is 
not universally accepted. The opposite assumption, that education yields 
increasing returns, is supported in a regression analysis done by Becker 
and Chiswick (10). This study indicates higher returns to more than 
twelve years of education than to eight to twelve years, and higher re­
turns to eight to twelve years than to under eight years. 
Expected net discounted returns help determine the type and quantity 
of individual investments in education. These returns are wholely those 
reaped by the individual. Returns to society may differ from the sum of 
the returns to all individuals. Extra returns to society may be caused 
by externalities resulting from the individual investment decisions, 
social weightings of returns to different individuals, social weightings 
of other characteristics of society (e.g. freedom of choice), or in­
numerable other items. When considering an individual's marginal addi­
tion to the social welfare function, the major contributions are any ex­
ternalities to others, adjusted by their social weights and summed, plus 
the return to the individual multiplied by his social weight. Under 
the social viewpoint that all people are equally important each dollar 
of income might be given an equal weight. Then the social maximum is 
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that situation where total returns to individuals are maximized. A more 
realistic viewpoint might be that the net social benefit of an additional 
unit of personal income is some function of the income of the recipient. 
If income before taxes is used to measure individual returns it might 
be assumed that the regressive nature of the income tax system makes the 
necessary adjustments to give units of gross personal income equal social 
weight. 
If externalities are ignored it would then appear that when all 
individuals act so as to maximize their incomes this would result in a 
social maximum, as well. There are a number of reasons which make this 
conclusion incorrect. The relative valuation of present and future 
returns can differ greatly among individuals, meaning that there is not 
even an individual discount rate to compare the social discount rate 
against. Restrictions may exist which keep individuals from investing 
in education to a level which would be deemed socially desirable. The 
lack of available sources of money could make the cost of investing in 
education too high. This could take the form of a complete lack of addi­
tional funding, as indicated by an infinite interest rate. 
The divergence of individual and social discount rates and the ex­
istence of measurable external returns which are not considered by an 
individual decision maker, might be referred to as quantifiable barriers 
to the equating of social and individual optimums. Another class of 
barriers, nonquantifiable barriers, can also be identified. Information­
al barriers about job availabilities, requirements, and payoffs constitute 
a major portion of these informational barriers. The other set of non-
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quantifiable barriers are artificial institutional restrictions. 
Barriers exist to entry into particular educational programs which are 
not based on the abilities of prospective entrants to acquire the as­
sociated skills. Some of the skilled crafts and certain professions 
which have a large amount of control over the educational programs lead­
ing to entry in their occupations are often cited as examples. Another 
artificial institutional restriction exists in hiring practices which re­
strict the numbers of entrants and choose employees on the basis of fac­
tors which are not important in the performance of the particular job. 
Another set of factors which influences the quantity and type of 
education chosen by an individual might be called individual tastes. 
Such tastes are functions of both social pressures, and individual prefer­
ences formed aside of the influences of social attitudes (e.g., while 
an automobile salesman may be paid better than a bank teller the bank 
teller may have a higher social ranking). Without trying to delve into 
the mysteries of how individual tastes are formed it should suffice to 
note that direct social pressures are probably only a minor influence in 
the occupational selection procedure of most persons. The actual duties 
of a job may not be the only factors considered in determining the rank­
ing of the job in the set of job possibilities. The location of the job 
may be an important factor. Transportation costs can be considered as 
reductions in the payoff and thus are not the cause of this location 
preference. Family and community ties and geographical preferences are 
also prime factors behind these attitudes. 
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It will be noted that the concept o£ returns is given an extremely 
broad meaning when these attitudes to particular job characteristics are 
included as returns. All further references to returns will be to 
quantifiable returns only and will exclude the nonquaatifiablc psychic 
returns. 
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III. DEVELOPMENT OF AN ANALYTICAL MODEL 
A. Background and Problem 
The analytical model used represents an ordered look at the possible 
combinations of training and employment available to a given individual 
at a particular time. These combinations are treated within a maximiza­
tion framework where the object of the individual is assumed to be 
maximization of the present-value of net returns. The model incorporates 
both educational costs and job payoffs. Possible combinations of job 
training (both general and vocational education) and occupations are es­
tablished from information about job entry requirements. The analytic 
model is formulated in such a manner that, anytime the parameters of 
the model are found to differ from those originally postulated, the 
identification of an optimal investment path can be re-evaluated. 
1. The itinerary model 
In its broadest sense the problem posed could be considered an 
itinerary problem. Thus, the itinerary problem is used as the first 
step in establishing the analytical model. 
Within the itinerary problem a number of sites exist with payoffs 
which are a function of time. (The inclusion of variables, in addition 
to payoffs, is possible.) These sites are connected by routes which are 
identified by a cost and their beginning and ending points, which are 
both sites. The first step in identifying the optimal solution for such 
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an itinerary problem, on a time continuum, is to allow movements between 
sites only at specific times. Such times exist when the payoff rate at 
the site of arrival, at the arrival time, exceeds the payoff rate at 
the site of origin, at the departure time, by the amount of transporta­
tion cost, and the former is rising at least as fast as the latter (29, 
p. 5). This step is not necessary when all possible departure and ar­
rival times are discrete. Once the points at which movements can be 
made are identified dynamic programming can be used to select the set 
of movements which will maximize returns (i.e. give the best itinerary). 
In the situation where movements to new activities at finite times are 
possible, the following procedure is used to identify the maximum payoff 
from a given initial point and the itinerary which achieves that payoff. 
U(Li,t^) = Max j where (3.1) 
Max (U(Lj, tj) - C(Li, tj^, Lj, tj) 
j 
U(L^,t^) = maximum payoff from being at site at time t^ 
T = time horizon 
V(Li,tj^) = payoff of site at time tj_ 
j = index of possible alternative sites 
tj = arrival time at alternative site Lj 
C(L^, t^, Lj, tj) = transport cost to Lj at arrival time tj. 
The optimal solution is identified by backward recursion, where the 
additional payoff to be derived at time T, the time horizon, is zero 
(i.e., U(L, T) = 0). The procedure of this backward recursion is illus­
trated in Figure 3.1. In this example four sites and a number of 
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Figure 3.1. Optimal routes in a four-site itinerary model 
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feasible crossings are identified. Bracketed numbers represent costs 
along broken lines while they represent returns along solid lines. 
Moving backward, to the left, from the time horizon, T, each end 
point of a movement is given the value of the sum of the value of the 
next event point to the right, whether the origin or the end of a move­
ment, and the intervening value of the activity. The value of a start­
ing point for a possible movement is the maximum of the value at the 
end of the move minus the movement cost, over all the possible movements 
from that point, where no movement has a positive value as a movement 
cost. Arrows indicate the optimum choice when a decision must be made, 
whether or not to move to a new activity. Following the arrows from any 
given starting point indicates the optimal route from that point. The 
unbracketed number indicates the value of the best itinerary from that 
point. 
Itinerary models can be formulated in many ways, with the simple 
time continuum model just presented being only one of these. This simple 
model illustrates the basic structure of the itinerary models and will 
be shown to have characteristics in common with a possible model for 
human capital investments. 
The itinerary model was first formulated to deal with migration 
problems, where the usual situation has sites with positive returns and 
movements between sites with negative valued costs. In a human capital 
model the sites, with their positive values, could be redefined to be oc­
cupations with returns in wages. In the same light the movements between 
sites can be redefined as educational investments which are necessary to 
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move to the new occupation. Occupations must be arranged in a quasi-
hierarchial structure, where a movement up the hierarchy involves a 
cost, but the opposite movement, back down the hierarchy, can be made 
instantaneously, with no cost. This is not a real hierarchy since all 
occupations are not comparable. As an example, there may be a hierarchy 
of welding occupations demanding increasingly higher levels of training 
and a similar hierarchy of carpenters. Movements from the highest level 
of either hierarchy to the lowest level of the other might involve some 
training cost. If a movement in the opposite direction had been pre­
viously made no cost would be involved. This points up the major prob­
lem which would be encountered if one uses the itinerary model as a 
model for human capital investments. 
The major problem arises when the cost of moving between occupations 
at any time is affected by previous training. This means that the value 
of being at a particular point may depend upon which path was used to 
reach that point. Thus, backward recursion as used in the itinerary prob­
lem, is limited in use because that model assumed that the value at a 
given point was independent of how that point was reached. 
While the previous problem is sufficient to make the itinerary model 
inappropriate as a generalized human capital investment model, there are 
further shortcomings of the model which can be noted briefly. Added 
reasons exist which make the value of any possible point not wholly de­
pendent upon the forward path. The value of staying at a particular 
occupation from time t' to t" can depend on whether a person had been 
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in the occupation previously, or was an entrant at time t'. It might 
be expected that the payoff in a particular occupation is an increasing 
function of the time spent at that job. Thus, the method of arriving 
at a point can determine the value of staying in a particular occupation 
as well as the cost of moving to another occupation. 
Further, the possibility exists of one moving to any job with entry 
requirements the same or lower than those of the present occupation. This 
indicates another inadequacy of the simple itinerary model in applica­
tion to educational investments. 
2. The PERT and CPM methods 
An optimal path model which is designed to allow constant réévalu­
ation, a characteristic desirable in application to educational invest­
ments because of the likelihood of parameter changes, needs considera­
tion here. The model, PERT (Program Evaluation and Review Technique), 
and a very similar model, CPM (Critical Path Method), are widely used 
by business in scheduling elements of a project. These methods, which 
are designed to shorten the time to completion of a project, allow re-
evaluation at each step of a project (3, 54, 73, 80). 
The difference in the PERT and CPM methods lies in their emphasis 
rather than their techniques. CPM emphasizes the identification of the 
activities in a project which are critical to the completion time of the 
project. This identification then shows the elements of a project which 
should be given special consideration and, perhaps, to which more re­
sources should be allocated. PERT deals with the same identification of 
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the path of critical projects as does CPM. In addition, PERT emphasizes 
the manner in which the critical path may change through the life of a 
project as parameters are found to differ from their original estimators. 
As the procedures are so nearly alike the single term of PERT will be 
used to designate both CPM and PERT models in all succeeding references. 
The simple graphical model of Figure 3.2, illustrates the pro­
cedure of PERT. PERT differs from the itinerary model because the goal 
is to identify the path of longest expected value rather than the mini­
mum cost path. However, the basic structures of the two systems are 
identical. They both consist of arrow elements (activities) which repre­
sent procedures with quantitative measures, and circles (events) which 
represent the junctions of activities. In PERT, activities represent 
work programs which are the component parts of the particular project 
which the entire model represents. The values placed on these activities 
are the expected times required for completion of the particular ac­
tivities. The sequencing of these particular activities shows the cumu­
lative nature of the project, as certain activities must be completed 
before others can start. Looking at Figure 3.2, activities 1-2, 1-3, 
and 1-4 have no prerequisites, but i-4 is a prerequisite for 4-5 and 
4-7. Activity 1-3 is a prerequisite for 3-5, while 3-5 and 4-5 must 
both be completed before activity 5-7 can start. Activity 1-2 is a 
prerequisite for activity 2-4 and activity 2-6. All projects are linked 
in this manner to form the overall project. The events serve only to 
mark the ends of activities (projects). Their numbering provides a 
method of identifying activities and shews the sequence in which the 
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Figure 3.2. A simple PERT system at initial state 
Figure 3.3. A simple PERT system after a parameter chang 
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activities appear. Thus, a listing of all activities by their ex­
pected length and their start-event and end-event, would contain all 
the information which is conveyed by Figure 3.2. 
The critical path of a PERT network is the chain of activities, 
between the start-event and end-event, which has the largest total value. 
This critical path identifies the shortest length of time in which the 
project can be expected to reach completion. Each event can be as­
signed a value which is the length of the longest path between itself 
and the starting event. The value of each event is calculated by adding 
the value of each activity for which it is an end event, to the start 
event value for that activity and choosing the maximum of these sums. 
The procedure is analagous to that used in the itinerary problem, ex­
cept that it is a maximizing technique to the left rather than a maxi­
mizing technique to the right. The critical path is that chain of ac­
tivities, leading from the start-event, which, when their values are 
summed, yields the value of the end event. 
The re-evaluation feature of PERT is illustrated in Figure 3.3, 
where the program of Figure 3.2 is repeated, but at a certain length of 
time after its start. In Figure 3.3 activity 1-4 is two units away 
from completion, 1-2 is completed, 2-6 (now l'-6) is six units from 
completion, but 1-3 has taken longer than originally expected and is 
still two units from completion. A re-evaluation shows that the criti­
cal path has changed from that originally expected as represented in 
Figure 3.2. 
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B. A Model of Individual Educational Investment Opportunities 
Continuously throughout his life, but more meaningfully in his 
earlier years, a person is faced with many possible choices with re­
spect to spending his time in further education, or entering the labor 
force. Educational possibilities exist in continued formal education 
and many vocational training programs. What educational and occupa­
tional possibilities are open to a person depends, in part, on his former 
education. Thus, educational programs and occupations can be presented 
in a system where prerequisites are defined in terms of the educational 
programs which must be followed for employment in particular occupa­
tions. In Figure 3.4 a very simple model is presented with two levels 
of general educational and several vocational training and occupational 
options, ti-^2 A23 are the two general educational options. The 
events , E2» and represent leaving the general education activity 
to enter vocational training, work, or a higher level of general edu­
cation. In this education model all occupational activities end at the 
retirement event. 
In this simple model each activity is identified by two subscripts 
which indicate its start and end events. In the more advanced models a 
third subscript will be added as more than one activity can exist be­
tween the same two events. Such situations occur when moving directly 
from the general education system to an occupation. 
The activities with 8 as the last subscript represent employment 
which commences when the educational system, both general and vocational, 
is left, and continues until retirement. Retirement is represented by 
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Figure 3.4. A simple educational investment model 
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the event Eg. In application of the model, employment activities were 
identified by their entry requirements and expected rates of job ad­
vancement, as well as job content. Occupations were so defined that 
upward movement from the entry level was expected and thus such move­
ments did not need to be explicitly incorporated into the structure of 
the model, as additional flows. This expected rate of job advancement, 
after job entry,is based principally on the payoff expected from job 
experience. Such advancements might also mean changing to a completely 
new occupation. All such expected movements and their corresponding 
salary or wage increases are anticipated in the single occupation 
identified at entry. 
The education model, as presented in Figure 3.4, is very similar 
to the PERT models of Figure 3.2 and Figure 3.3. However, one very im­
portant restriction has been added to the PERT format: only the last 
event in the entire system (i.e. the retirement event) can be an end 
event for more than one activity. This is done because each activity 
is identified by its discounted value, where this value depends upon 
the time in the future at which the activity is expected to start (which 
is the time of its start-event). Each start-event, except the very first, 
is also an end-event. The time of this start-event is the time of the 
start-event of the activity for which it is an end-event, plus the length 
of time required to complete the former activity. If a single event 
were the end-event for more than one activity, its value would not 
necessarily be unique. In such a case the value of all activities pre­
ceding that event are not uniquely defined. The procedure of discounting 
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returns, which assigns a unique value to each activity, is elaborated 
in a succeeding part of this chapter. 
The objective of the education model is selection of a time path 
of educational investments and employment which will give a person the 
maximum expected value of discounted income. This expected value of 
discounted income was identified by its present-value. 
The first step in formulating the educational model is to identify 
each occupation by its educational requirements for job entry, in terms 
of both general and vocational education. The identification of these 
prerequisites establishes the pattern of possible flows among education 
and occupation activities. Once this pattern of flows is established 
each activity must be valued before the path giving the maximum present-
value can be identified. 
Educational activities are identified by their length and cost per 
unit of time. Occupational activities are identified only by their re­
turn per unit of time- Since occupational activities are assumed to last 
until retirement, their length is determined by the time of job entry 
and the entrant's age. For this reason the age of an individual facing 
these decisions, is one characteristic which must be known before values 
can be placed on occupation activities in the education model. This 
means that an optimal path cannot be defined exclusively on the basis of 
cost, return, and time information about each activity. If at least one 
individual characteristic, such as age, were not important, the simple 
educational model would identify a single path which would be optimal 
for everyone presented the same options. 
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1. Educational Investment Model I 
In Model I some simplifying assumptions are made to facilitate pre­
sentation of basic procedures. In Model II some of these assumptions 
are relaxed. 
The first simplifying assumption for Model I is that a single in­
terest rate can be identified which holds for all individuals and into 
all time periods until retirement. Individuals are assumed to disregard 
any chances of death or disabling injury occurring before retirement 
age (A disabling injury is defined as one which would render a person 
unemployable in his chosen occupation). In Model I, entering individu­
als are assumed to have none of the education represented by educational 
activities in the model. That is, the model will be used only for people 
entering the path of activities at event of Figure 3.4. It is further 
assumed that individuals expect never to return to full-time education 
after entering an occupation. Also, the individual must have the neces­
sary mental and physical aptitudes and capabilities to fill any of the 
occupations presented in the model. Model I disregards risk as an ele­
ment of cost to the job entrant. 
The simple model presented in Figure 2.4 will be used to illustrate 
the format of Model I. The activities A^g, A^g, A^g, A^g and Ayg repre­
sent all occupations for which this individual has the mental and physi­
cal prerequisites and in which he also has an interest. The values 
applied to returns from the various activities were calculated by the 
present-value procedure. When each activity is given a value the op­
timum path is defined as that path which has the maximum total of ac­
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tivity values. 
As Model I made no provision for personal attitudes toward par­
ticular occupations, except that all tiiose considered were acceptable 
to the entrant, a reasonable addition to the model would seem to be a 
weighting for relative subjective valuations of occupations. An al­
ternative to such relative valuations, in a system such as Model I, or 
a more complicated system, where such measures are not available, would 
be a ranking of occupational paths by their present-values. Such a list­
ing would allow the entrant to select the most attractive combination 
of present-value and occupation. As this model of education, occupation, 
and individual investment was not designed nor intended to be a guidance 
tool this possibility is not incorporated in the models which are pre--
sented. 
The value of each activity is calculated in the following manner. 
(Wij/(1- yO)^) where (3.2) 
V^j = value of activity A^j 
t^ = start time of Aj^j = point titne of 
if i = i then t^ = 0 
if i / 1 then t^ = t^ + 1^^ 
Ij^j = length of A^j 
Wij = the undiscounted value of A^j period of time 
yO = personal discount rate 
e = the identification number of the retirement event 
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if j = e then (3.2) 
if j X e then if t^ + Pj^j - or (3.4) 
^ij = - ti if t. + P. j ^  where (3.5) 
= number of time periods until retirement = 12(65 - aQ)-m (3.6) 
= initial age 
m = number of months since last birthday 
p.. = time necessary to complete disregarding the retirement 
possibility, not defined for full-time occupation activities. 
The restrictions on l^j in equations (3.3), (3.4) and (3.5) were 
necessary to force termination of the activity path at retirement age. 
It should also be noted that, through in equation (3.6), age is con­
verted to the more directly applicable concept of the remaining number 
of time periods until retirement. 
The independent variables for this calculation can be divided into 
activity and personal characteristics. The activity parameters are 
w^j, which are the series of current values for the activity for each 
time period; p. ., the time necessary to complete A;;; and each activity's 1J J 
start and end events as identified by its i and j subscripts. The per­
sonal parameters are restricted to yO, the personal discount rate; and 
cx,Q ^nd m, the person's age. It is also assumed that the individual has 
the capabilities as well as the interest necessary to perform any of the 
selected occupations. If the retirement age is reached while still in 
an educational activity the value of all subsequent activities is zero. 
Model I assumes constant payoffs, wij, in all periods for each occupa­
tion, A^j. 
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In general, each possible path from (the start-event), to 
(the end-event) could be identified by the designation of all event 
points in the path plus an additional indexing number, where more than 
one activity have the same event paths. This designation could take the 
form (l,....,z, e, a), where 1 is the start event, e is the end event, 
and a is the index. A path which is entering a full-time occupation 
without any specific education has the form, (1, e, a) with no inter­
vening events between entry and retirement. The network of activities 
is continually diverging until movement to the retirement event. Be­
cause of this, the path between the start event and any other event in 
the network, except the end event, can be uniquely labeled by a single 
event number- The path from E^ to E^ can be labeled (b, a). The 1 can 
be omitted because all paths are defined to start at E^. Since all 
paths also end at retirement the e can be eliminated from the descrip­
tion of a path. The number of the first event to the left of the end 
event and the index are, together, sufficient to define each path unique­
ly. This can be written in the form P(b, a). As an example, when de­
scribing the activity path consisting of one work activity beginning at 
and ending at E^ the designation is P(l, a), where a = 1, 2,...,n 
and n is the number of different work activities originating at E^. An 
occupation activity which was identified in equation 3.2 as is now 
more generally defined as A^jg. 
Now that the value of each activity has been defined the remaining 
problem is to calculate the value for each path and select the maximum 
from these values. This is done by following the paths from right to 
64 
left, in the following manner. 
z 
VCbj h) — 2 ' where (3.7) 
i=l 
x^ = the start-event of the activity with end-event x^ ^ 
z = the value of i for which x^ = 1 (the start event) 
b = the start event number for the occupational activities 
V(b,a) = the value of the activity path from to Eg and ending 
with occupational activity 
When the values of V(b, a) are calculated for all b and a values 
the optimum path for educational investments is that with the maximum 
V(b, a). 
V = Max (Max V(b, a)) , where (3.8) 
V(b' , a') = V' 
V is the present-value attached to the optimum route. The b' and 
a' such that V(b', a*) = V' identify those a and b values such that 
P(b', a') is the optimum route. The occupation defined in the optimal 
route is activity A^'ea'" the b' and a* values are not unique there 
exist as many optimum routes as there exist sets of b' and a* values. 
The present-value criteria gives no means of choosing between equal 
valued paths. However, the possibility of non-unique a' and b' values 
existing would be expected to be quite small. 
2. Educational Investment Model II 
Model II builds on the framework established for Model I by re­
moving some of its restrictions. 
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a. Unemployment probability The first restriction dropped is 
that an entrant will be employable until retirement. This assumption 
is replaced by the assumption that there can be attached to each time 
period in the future a probability that the entrant will become un­
employable in that period and remain unemployable until retirement age. 
To incorporate the unemployment probability the present-value formula­
tion of Model I, equation 3.2, is adjusted to the following form in 
Model II. 
^ij " ^  (WijU*omi/(l -/=) ) where (3.9) 
t=t-
^agmi ~ the probability of individual, age Ug years and m months 
at entry still being employable in period i. 
b. Zeroing backward paths In Model II the assumption that all 
entrants begin at the start event, E^, is dropped. Instead, the in­
dividual for which an optimal path is determined can be at any point in 
the pattern of activity flows at entry. Entry now refers to the posi­
tion within the network which the individual occupies at time zero, and 
not necessarily the event E^. This new assumption means that anytime 
an individual is in the pattern of activity flows, and one or more 
parameters are observed to change, his occupational plans can be re­
evaluated to see if his optimal path has changed. 
To identify the optimal path for an individual currently at any 
point within the activity network another change in the model is neces­
sary. This modification is accomplished by redefining the time param­
eters of certain activities, prior to the calculation of their present-
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values. Backward movement, from right to left along any activity path 
is a movement along activities which have already been completed. An 
individual already at some point other than is qualified, without 
additional training, for any activities which are directly attached to 
the backward path of activities from his present position, Ep, to the 
start event, Ej^. Also, the starting wage he will receive at his present 
occupation, if presently employed, is the wage which he is presently re­
ceiving. If presently unemployed with no prospect of re-employment in 
the former occupation, this wage is zero. 
Free movement along backward paths is accomplished by redefining 
the time parameters of these activities as zero. If the entrant also 
has other human capital in the form of education which was not necessary 
for entry to his former occupation this characteristic is incorporated 
by redefining the time parameter of this educational parameter as zero. 
If this education represents an uncompleted educational program the 
time parameter of that educational activity should be reduced to the 
length of time which would be necessary to complete that activity. When 
these adjustments in the time parameters of activities have been com­
pleted the optimal path of educational investments can be found for an 
individual starting at a point along the activity network (Ep) by 
proceeding as if he were actually starting at E^. This result follows 
because placing the time parameter of the activity path from E^ to 
equal to zero makes all points on this path equivalent. 
With these indicated adjustments the optimum course can be deter­
mined for an individual at any point within the network of activities. 
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This also means that the educational investment model has the same 
feature as PERT in that the optimum route can be re-evaluated at any 
time. This is a very important feature because of the uncertain nature 
of the parameters of the activities. 
C. Changing Model Parameters 
Many types of parameter shifts might be expected to occur. Cer­
tain educational programs may take longer to complete than originally 
anticipated. Original projections of starting wages may be found in 
error. Occupations which appeared to have a promising future with ade­
quate job openings may be found to have very limited employment possi­
bilities caused by an excess supply of entrants for this occupation or 
an unanticipated decline in the demand for the occupation. New tech­
nology may create attractive new occupations for which the individual 
can qualify, with or without additional education. A change may occur 
in the personal discount rate of the individual. The individual may 
find that his work experience will substitute for some of the educational 
requirements for other jobs in the activity network with the result 
of shortened time parameters on educational activities which are pre­
requisites for those occupation activities. In the limit experience 
may substitute completely for education. It may also be found that an 
individual coming from another occupation does not start at the same 
wage as a person holding his first job, or as a person moving from a 
different job that has fewer skills transferable to the new occupation. 
In such a situation the entry wage of the alternative occupation is 
changed to this new, higher entry level. It may also be found, after 
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being engaged in a particular occupation for a period of time, that 
the wages do not increase at the expected rate. 
1. Educational grants and loans 
Parameters can be shifted through the influence of government pro­
grams. A government program which pays all or part of the educational 
expenses for particular groups of citizens would lower the cost parameter 
of the included educational activities for all qualified individuals. If 
the program paid a stipend, in addition to all direct educational ex­
penses, the return for the activity would increase even further. 
Another type of government program might provide low-cost educational 
1oans. 
The result of educational loans can be illustrated in the following 
manner. To indicate this effect it is necessary to separate the value 
of the activity, which existed before the loan, the costs associ­
ated with the loan, and the new returns realized from the loan. The 
total value of an educational activity after a loan, is the former 
net current value, V^j, plus the payments which must be made on the loan 
(negative items), plus the amount of the loan, received at time tj^. 
This new value, with all returns discounted to the present, is 
vlj = Vij + Ck + (3.10) 
T 
Ck = Z ?%/(!+ a)t (3.11) 
T 
Rk = 2 (Lt/(l+/3)t 
t=tk 
where (3.12) 
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= present-value of loan payments 
Rj^ = present-value of loans 
= payment on the loan due in period t 
= loan received in period t 
T = time horizon over which all loans have been repaid. 
If a single loan of is received in period t^ and repaid in a 
lump sum in period T, the total value of the education activity becomes 
V'. . = V. . +L. /(1+P)^ i + (-Lr.)(l+r)T-ti/(i+^ )t 
LJ 
V^j = + Lti((l+f)T-ti/(l+/,)T - (l+R)T-ti/(i+/,)T) 
Vij ^ij (3.13) 
If r, the interest rate on the loan, is less than the personal dis­
count rate, , it can be seen that the result is to increase the value 
of the education activity. (The implicit assumption that the loan had 
no effect on the personal discount rate, has been made.) Any combina­
tion of loans and methods of repayment will give the same result, that 
the total value of the education activity is increased if the personal 
discount rate is greater than the interest rate on the loan. This re­
sult is easily conceptualized if one views any loan as divisible into 
any number of smaller loans, of which one is paid each time a loan pay­
ment is made. The same approach can be made to loans which are made 
at different times throughout the educational activity. These loans can 
be viewed as being paid one at a time as the payments are made. Each 
loan then makes a positive addition to the activity's present-value. 
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The importance of loans in stimulating educational investment was 
considered in Chapter II, Part A, and will be considered in the follow­
ing chapters of this report. 
2. Social values 
A different set of parameters can be applied, by changing the basis 
for valuation from individual returns to social returns. The model can 
then be used to point out the mix of formal and vocational education, 
and the final occupation which the individual should enter to make his 
decision socially optimal. 
At this time it is necessary to point out that certain problems 
are inherent with the use of social valuations in education and oc­
cupation activities. Many problems arise when any attempt at social 
valuation is made. Other problems are specific to the use of social 
values in this specific model. 
In welfare economics there exists a large body of literature con­
cerning establishment of a social welfare function. The social welfare 
function specifies the relative values which should be placed on each 
item in the economy. The conclusion of the literature is that only 
under the most strict conditions can a social welfare function be de­
fined at all (5, pp. 22-33). These restrictions are so strong that 
they make the use of any such function unrealistic. Thus, an operational 
social welfare function is based on subjectivity and not on application 
of specific objective analytic procedures based on generally accepted 
premises. 
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While it is not possible to define a specific, generally accepted, 
social welfare function, it is possible to place values on particular 
items which approximate generally accepted criteria for social valu­
ation. In education the social cost of education might be measured as 
the expenditures on the inputs to the educational process. In the situ­
ations where individuals consuming the education do not pay the total 
cost of the education there exists a definite difference between the 
social cost of the educational process and an individual's costs. The 
same can be said for the returns from education. Whenever there are re­
turns from the educational process that do not accrue to the individual 
receiving the education (i.e. positive externalities) social returns can 
be said to be greater than individual returns. 
When dealing with social values it is more useful to speak of these 
values within the context of the entire economy. When measuring the 
social value of a particular worker in a particular occupation, it should 
also be considered what would be the value of a different worker in that 
same job and what would be the output of that worker in alternative 
forms of work. When occupations considered are those which currently 
have numerous job openings it is not as necessary to consider the social 
value of another person in the same position because the second person 
can also enter the occupation and openings will still remain. In a 
situation with numerous job openings, it is easier to apply a social value 
to the actions of a single individual because then the individual's actions 
only are considered and the relationship of his actions to others can be 
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more easily disregarded. This is the situation when social values are 
substituted for individual values in the educational investment model 
just presented. 
The replacement of individual costs and returns with social costs 
and return# in the educational investment model, given the necessary 
reservations, identifies the socially optimal path of educational ac­
tivities and final employment for the individual to follow. When the 
maximizing actions of an individual are compared to the socially optimal 
actions of the same individual, within the structure of the model, it 
can be seen if they are the same or tend to diverge. If the latter 
is the case changes in individual parameters can be considered to identify 
a situation where the individual will choose the socially optimal path 
or, at least, a more socially desirable route. The principal tools for 
this parameter adjustment would likely be educational loans and stipends, 
as previously discussed. The educational loan and/or grant necessary 
to move a certain individual toward the socially optimal decisions can 
then be found. Of course there is not a single policy, but rather a 
number of policies to achieve the same ends. 
D. The Applied Model 
The applied model was in the form of a Fortran computer program. 
A skeleton version of this program is shown in Figure 3.5 and a more com­
plete version in Figure 3.6. In Figure 3.5 the first operation repre­
sents the zeroing of the times for all activities which are linked in a 
backward path from the individual's present position in the activity net-
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Occupation Education 
No 
•*i Is this the last activity ? 
Yes 
No Is this the last occupation ? 
Yes 
•>1 Select an occupation activity 
What activity 
type? 
Treat the next 
activity 
Zero backward 
paths 
Calculate present-
value to retirement 
Calculate present-
value over length of 
activity 
Start time = 
preceding event 
tine 
End event time = 
dtart event time 
+ activity length 
Start time = 
preceding event. 
time 
Arrange the present-values of 
paths in order of magnitude 
and calculate differences. 
Sum the present-value of 
backward paths from that 
occupation 
Figure 3.5. Simplified operational model 
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work to the beginning activity of the network. This allows the per­
son to reach, at zero cost, any activities for which the individual has 
already fulfilled the prerequisites. This step also includes the ad­
justment of the present occupation's payoffs, if the person is currently 
employed. The next step is to calculate the present-values of all ac­
tivities. Present-values of occupation activities were calculated from 
the start-time to the start-time plus the length of the activity. This 
end-time was identified as the time of the activity's end event. Ac­
tivities having this event as a start-event then had this event time as 
their start-time. This procedure necessitated that activities be 
treated in their order of occurrence in the network. Therefore, the 
start time of activities was identified by the sum of the times of back­
ward activities. 
The numbers in Figure 3.5 correspond approximately to the same num­
bers on the steps of Figure 3.6. Figure 3.6 presents more detail of the 
exact procedure of the operational model than does Figure 3.5. Also, 
some projections and estimations which were omitted from Figure 3.5 are 
included in Figure 3.6. An example of an omission from Figure 3.5 is 
the first operation of Figure 3.6, which is the calculation of all basic 
wages, by the general education category (I), and the time in employment 
(J). 
When the present-values were calculated for all activities, these 
values were summed over each path from the beginning to the end of the 
network. There is a one-to-one correspondence for these paths and the 
occupation activities. For this reason each path was identified by its 
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final activity. When all activity paths were identified and their 
present-values calculated, these values were arranged in order. Next, 
the differences between each activity and the activity with the largest 
present-value were calculated. The discussion of estimating activity 
parameters, in Chapter IV, deals in detail with the method of placing 
actual present-values on each of the activities. 
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Table 3.1. Description of selected parameters used in the generalized 
flow chart of the model 
Name Description 
ED Entrant's current level of general education 
VT Entrant's current level of vocational education 
IDNTP Entrant's present location in the activity network 
AS Is the entrant presently in an activity (0), or at an 
event (1) 
TA If presently in an activity is it education (1), or an 
occupation (3) 
PTIME If presently in an activity how long has it been since entry 
AGEl Entrant's age in years (integer rounded to the low side) 
AGE2 Additional months of entrant's age, over the years of AŒ1 
PWAGE If currently in an occupation, the wage being received 
IPS Are social values, private values, or both desired 
IPREC(I) Identification number of the event preceding activity I 
ISUC(I) Identification number of the event succeeding activity I 
EWAGE(I) Entry wage for activity I, if I is an occupation activity 
Private cost for activity I, if I is an education activity 
TWAGE(I) Top wage for activity I, if I is an occupation activity 
Social cost for activity I, if I is an education activity 
TIMEE(I) Length (in months) of activity I, if an education activity 
ED2(I) Level of general education required to enter activity I 
VT2 Months of vocational education necessary to enter activity I 
IDENT(I) Identification number of activity I 
TA2(I) Is activity I education (1), or an occupation (3) 
SWAGEdjJ) Basic monthly wage projection for educational level I and 
year j 
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Table 3.1. (Continued) 
Name Description 
A(I),B(I), Parameters of the wage parabola for educational level I 
and C(I) 
BED(I) Annual wage increase of a given job, with general 
education prerequisite I 
R(I) Mortality rate for age I 
SRVL(I) Probability of surviving to the end of year I 
NN Number of activities 
STIME(I) Number of time periods in the future activity I will start 
GRTE Growth rate of educational costs, assigned according to 
the particular educational activity 
NAGE ' Number of months remaining until retirement at age 65 
ECT Switching operator for level of education 
IPRC Switching operator for checking the preceeding event 
PVAL(I) Present-value of activity I 
STIME(I) Time at which event I occurs 
ITIME Number of yearly periods distant from entry 
WWAGE(I) Weighted and adjusted starting wage for occupation I 
ICNT Counter for number of activity paths 
PVALS(I) Present-value of the activity path ending in occupation I 
INDEX (J ) Correspondence between an occupation activity and activity 
path J 
PVALl(I) Present-value of activity path I 
DIFF(I) Difference between the values of the activities ranked I and 1 
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IV. MODEL APPLICATION 
A- Application to Survey Information 
To make the educational investment model operational, it was neces­
sary to have data of a very detailed nature. The necessary type of in­
formation (giving a large number of characteristics for quite narrow 
occupational categories) was available from a survey of the metal-trades 
industries in Iowa. Thus, for the results reported here to be most 
meaningful, the results of any optimal path analysis herein should be 
applied only to individuals who have a strong preference for the occupa­
tions in the sampled group and employment in Iowa. Under the assumption 
that payoffs within each group are characteristic of the entire nation, 
the restriction to employment only in Iowa can be dropped. 
1. Survey description 
This survey, conducted at Iowa State University under a grant from 
the Office of Education, U.S. Department of Health, Education, and Wel­
fare (81), had a two-fold objective. The first objective was to collect 
occupational information on job vacancies by using sampling techniques. 
The second objective was to develop skill cluster classifications for 
occupations. 
In fulfillment of the first objective, a sampling technique was 
devised for the collection of occupational data. The population of firms 
was defined to be all Iowa firms in Standard Industrial Classifications 
(SIC's) 33, 34, and 35. These categories are: SIC 33, primary metal 
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industries; SIC 34, metal fabrication, excepting ordinance; and SIC 35, 
machinery, excepting electrical. Information on the actual firms com­
posing these categories and the number of employees in each firm, was 
obtained from data supplied by the Iowa Development Commission. Firms 
were placed in size categories according to number of employees and 
within each category were arranged by the third and fourth digits of 
their Standard Industrial Classification. These second two digits indi­
cate a more specific definition of the industry than do the first two 
digits. Firms in the size groups of 100 or less were sampled systematical­
ly. Firms with total employment of more than ICQ were all included in 
the sample. This sampling and the subsequent interviewing was conducted 
by the Education Department and the Statistical Laboratory at Iowa State 
University. 
The survey was implemented by the use of experienced interviewers 
making personal contacts with the appropriate individuals in the sampled 
firms. The interviewers asked questions related to two basic types of 
data. The first type of data, which composed by far the smallest part of 
each interview, concerned the present and expected levels of employment 
for the entire firm. The second type of collected data related to 
specific occupations within the firm. The interviewers were provided 
lists of occupations which might be expected to occur in each firm. In 
total seventy different metal-trade occupations were covered by the survey. 
The definitions for these classifications were taken from The Dictionary 
of Occupational Titles, Third Edition (89). These definitions from 
the Dictionary of Occupational Titles (called DOT hereafter) were ac­
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companied by numerical indexes, which were used for occupational desig­
nation in the survey, and which are also used in this study. 
The respondents for the firms were asked the present level of em­
ployment in each of the occupations, and the level of employment which 
they expected one year, and three years, hence. They were also asked if 
there were any current job vacancies and whether they found the occupa­
tion hard to fill. Respondents were also asked the academic education 
requirement for job entry. Possible responses to this question were (1) 
college degree, (2) some college, (3) high school diploma, (4) some high 
school, (5) eighth grade or less, or (6) don't know. A question was 
asked about the specific occupational training requirements for job entry. 
Possible responses were (1) none, (2) vocational training school, (3) pre­
vious work experience, (4) vocational training school and previous work 
experience, and (5) vocational training school or previous work ex­
perience. If the response to the question on specific occupational train­
ing requirements for job entry was either (2), (4), or (5) the usual 
length of training time in the vocational skill (i.e. vocational train­
ing school) was asked. The possible responses to this question were, 
(1) less than 6 months, (2) 6-12 months, (3) 12-18 months, (4) 18-24 
months, (5) more than 24 months, and (6) don't know. These questions 
were asked to allow the differentiation of occupations with the same D.O.T. 
classification into several different occupations, by the levels of edu­
cation required for job entry. 
Other information from the survey which is used in this study is 
on the payoff expected from each occupation, as differentiated by D.O.T. 
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number and levels of education required for job entry. The two ques­
tions relating to wage rates were the beginning pay rate and the top 
pay rate. A third question on the time period to which this payoff ap­
plied allowed the adjustment of hourly, weekly, and monthly pay periods 
to common time periods. 
2. Survey limitations 
While the survey supplies information directly applicable to the 
model there are some definite weaknesses and limitations which should be 
pointed out. While some of these problems arise from the survey, it­
self, others appear only when the survey data is applied to this par­
ticular model. 
In some occupation^ categories sample size could become a problem. 
The problem referred to arises from a small number of firms employing 
individuals in the particular category and not from the total number of 
employees which were indicated over all firms. 
As with any survey information gathered through interviews there 
are possible problems with the meaning and validity of responses. Was 
the correct question asked? If the correct question was asked and in­
terpreted correctly did the respondent have adequate information to 
correctly answer? There is no simple way to check for types of errors 
just suggested. It can be hoped that by requiring an adequate sample 
Occupation refers to a category differentiated by its unique com­
bination of DOT number and general (i.e. academic) and vocational educa­
tion requirements for job entry. 
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size for all the estimates made, such errors will either offset each 
other, or will become insignificant, since their frequency of occurrence 
is small. 
The model's limitation in drawing conclusions arises from limited 
data, as has already been specified. Within its limited nature appli­
cation of this model to the Iowa metal-trades situation remains meaning­
ful • 
3. Fitting survey data to the model 
To justify the use of the Iowa survey data with the educational 
model it must be shown that wage expectations for metal-trades are posi­
tively influenced by both general and vocational education. To test 
this hypothesis multiple-regression analyses were run with beginning 
hourly pay rates and top hourly pay rates as dependent variables and 
levels of education as independent variables. These regressions are pre­
sented in Appendix A. 
In these regressions prerequisite education consisted of four levels 
of formal education, five levels of vocational education, and previous 
experience. These educational prerequisites were used as the independent 
variables. All independent variables were represented as one-zero dummy 
variables. In Table A. 2 and Table A.4 the F-ratios show that in both 
cases the linear regressions explain a significant amount of the variation 
of both starting and top wages in these Iowa data. These results indi­
cate the appropriateness of using these Iowa data in a model based on 
the hypothesis that education can be viewed as an investment leading to 
increased rates of payoff on the job. 
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Any data applied to the model had to meet the two criteria of validity 
and usefulness. Validity refers to the accuracy of the data and is de­
termined by the number of firms sampled in each category, as already 
mentioned. Of course the number of observations has to be teamed with 
the variability of the population before the validity of an estimator 
can be tested. The usefulness criterion, a more nebulous concept than 
validity, simply put answers whether or not a particular occupation is 
important enough to consider. 
For the model presently in use this would depend on the total number 
of employees in the occupation, the expected growth-rate for the occupa­
tion, institutional constraints to job entry, personal interests and 
aptitudes, and a number of other possible items. The usefulness criterion 
can be reduced to a problem of size, as was the validity criterion. The 
size problem now is whether the number of job possibilities is sufficient 
to make consideration of employment in the occupation worthwhile for the 
entrant. 
Occupation categories must be defined broadly enough to satisfy the 
validity and usefulness criteria. Identification of occupational cate­
gories by the reasonably fine divisions of the survey gave many occupa­
tional groups which did not meet both of these criteria. The first di­
vision of the Iowa data was on formal education required for job entry. 
This division was followed by a division by 4-digit DOT classifications 
within the formal education groups. Finally, these two groups were 
further sub-divided by a grouping indicating the amount of vocational 
training needed for job entry. The vocational training categories were: 
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(1) none, (2) less than 6 months, (3) 6-12 months, (4) 12-18 months, 
(5) 18-24 months, and (6) more than 24 months. Since general but not 
exact vocational training requirements were identified within each of 
these broad categories, placing an exact requirement, in terms of months 
of vocational training necessary for job entry, had already become a pro­
cedure subject to unavoidable errors. Thus, rather than estimating 
variances of wages in each occupational category and then defining each 
category so that estimates were within given probability limits, a general 
rule was applied to all occupational categories. Aggregations of groups 
were then made until categories were broad enough for analysis. 
It was decided to make the minimum employment size of each occupa­
tion 100 employees. The minimum number of observations (i.e. sample 
firms included in the category) was ten. In the aggregated occupation 
groups both of these limits were generally exceeded. 
The following steps were taken in proceeding with the aggregations. 
No aggregations were made between levels of formal education or DOT 
classifications. All aggregations were done through the combination 
of vocational training for job entry groups, within the other two classi­
fications. Wage figures for the new groups were averages of the wage 
estimates for the groups being aggregated. These new wage estimates 
were averages weighted by the relative levels of employment in the original 
groups. The length of vocational training time parameters for the new 
occupations were weighted averages of the mean time of each of the vo­
cational training categories for the old groups. Weights were placed 
by the relative level of employment, as in the wage rate case. These 
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weightings put all figures on an average per employee basis. The last 
vocational training group, "more than 24 months," which has no mean since 
it has an undefined upper bound, was given a value of 30 months for use 
in the aggregations. 
4. Linkages of operational model activities and events 
Figures 4.1 through 4.4 represent the linkages of the activities 
in the operational model. The four figures are meant to represent a con­
tinuum of activity linkages with each figure representing a continuation 
of the preceding figure. Activities are represented by arrows and are 
always both preceded and succeeded by events. Events are represented 
by circles. Arrows which have no end-event represented are occupation 
activities which have retirement, 999, as their end event. 
Numbers along the arrows represent the identification numbers of 
those activities. Numbers appearing in the circles represent the identi­
fication numbers of those events. All education activities begin with 
nine. General education activities begin with 90, and vocational edu­
cation activities begin with 91, 92, 93, or 94. The rectangles are only 
a convenient extension of their enclosed events. 
The identification number of an occupation activity generally cor­
responds to its DOT classification. Such a number may be repeated from 
one figure to another; therefore the maximum level of general education 
required for entry, as well as the full identification number, is neces­
sary for unique activity identification. When more than one level of 
the occupation activity occurs at the same general education category an 
additional digit is added to the end of the DOT classification. A 
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second level is designated by the addition of a two, a third level by 
a three, etc. 
After aggregations were made, those occupational activities which met 
the two criteria of validity and usefulness were selected. The remain­
ing occupational activities were fitted into a flow of activities. The 
occupational activities were linked to their educational prerequisites, 
with events marking the activity linkages. The occupational categories 
specified became the occupational activities of the operational model. 
The general education and vocational training requirements for entry 
completed the specification of linkages necessary to define all activity 
linkages. Appendix B presents a specific description of each of the oc­
cupations and of the five general occupational categories from which they 
come. 
B. Estimation of Activity Parameters 
Requirements of the model necessitated the use of data sources in 
addition io the Iowa metal-trades survey. As indicated earlier, the wage 
information from the Iowa metal-trades survey, was not adequate to pro­
ject wages over a lifetime. Values for education activities had to be 
estimated apart from the survey in both private and social terms. 
Projections of wage values had to be made to cover a wage earner's in­
come over his lifetime. The probability of receiving income in future 
periods also had to be considered. Since the model applies to value over 
a productive life, reaching to retirement, all parameters based on cur­
rent information had to be projected to future expected values. 
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1. General education activity parameters 
An education activity might commonly be thought to have a current 
negative return. It should be realized that the education activity, as 
treated in this model, encompasses all of an individual's time while en­
rolled in a full-time curriculum and does not explicitly include op­
portunities forgone. The net return to the activity is the sum of ex­
penses from the activity and the income earned during the time of the 
activity. The actual educational program may not fill the person's day 
and may include vacation periods. Within the structure of the model 
even the three-month summer vacation is considered as part of the edu­
cation activity. Thus, income earned by part-time employment during 
such breaks in the educational program becomes a return to the educa­
tional activity. 
The value of an educational activity should be defined so that it 
is consistent with the value of occupational activities. Income for an 
employed worker, in excess of that received from his regular occupation, 
was not considered a return to that occupational activity. That is, 
earned income derived from sacrificing leisure in excess of the amount 
commonly sacrificed by persons in the same major activity, was not income 
to that activity for uses of the applied model. Such income was con­
sidered a transformation of nonmoney leisure income into money income. 
Consistency required that students be treated in the same manner. 
a. Current private value of high school education It was esti­
mated that private costs of $100 per year were directly attributable to 
high school education. These private costs represented expenditures on 
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such items as books, special clothing, school related fees, and added 
transportation expenses. Only costs in addition to those incurred by a 
person choosing not to enter high school, are included. In addition a 
high school student was expected to earn some money during the summer 
months (32). It was estimated that students in their first two years 
of high school would have $200, and those in the last two years $400, in 
summer earnings. This yielded a net annual return of $100 for the first 
two years and $300 for the second two years. The net return was projected 
to increase by four percent per year. 
b. Current social value of high school education Data on the 
direct social costs of secondary and primary education in Iowa were ob­
tained from the Iowa Department of Public Instruction's annual publica­
tions titled, Iowa Public School Data (41, 42). Since the 1962-53 school 
year this publication has not separated the state total per-student-cost 
by level of education, but has given only one cost figure for all grades, 
through twelfth grade. Before that year, state averages were separated 
into elementary and high school averages. The Iowa Board of Public In­
struction was able to supply a cost estimate for the 1966-67 year, 
separated by elementary, junior high, and high school categories. These 
per-pupil-costs were: elementary, $465.54; junior high, $589.41; and 
senior high, $655.32.^ These values compare with an overall average cost 
of $567.63, for the same period. 
Î 
Bachtel, Dave, State Board of Public Instruction, Des Moines, Iowa. 
Iowa public education cost data. Personal communication. 1968. 
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Data on the overall average per-student-cost for the school years 
from 1958-59 to 1967-68 (1963-64 and 1965-66 data were not available) 
were run as the dependent variables with the school period as the inde­
pendent variable. The 1958-59 year was used as the base year, with a 
value of one. Experimental fitting of these data to linear, semi-
logarithmic, and full-logarithmic functions indicated that the best fit 
was obtained with the simple linear regression. The slope coefficient 
of 32.51 was significant at the .99 level, having a t-value of 10.6693 
with six degrees of freedom. The predictive equation was: 
Y = 275.38 + 32.51 X. (4.1) 
The educational investment model requires data on the cost of high 
school education but not on the cost of elementary or junior high pro­
grams. To meet this requirement the estimates of overall per-pupil-
cost were adjusted to estimates of high school per-pupil-cost. This was 
done by assuming that the ratio of high school costs to overall costs 
which held in 1966-67 will hold in future periods. This ratio of 655.32 
divided by 567.63, or 1.15448, was multiplied by the slope coefficient 
of the previous equation, giving a new slope coefficient of 37.53. 
With this adjusted slope and assuming 1966-67 as the base year, or period 
zero, the new estimation equation for social costs of high school edu­
cation is: Y = 655.32 + 37.53 X. (4.2) 
The year 1967 was used to initialize the estimates of all param­
eters. Thus, on the 1967 base which is school year 1967-68 as year one, 
the equation remains the same as given above- This means a cost of 
$692.85 the first year and an increment of $37.53 for each additional year. 
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To this cost figure, which is a negative return, must be added 
the positive annual returns from summer employment of $200 and $400. 
Thus the net annual social returns are negative $455 for the first two 
years and negative $255 for the last two years of high school. These 
summer returns were projected to increase by four percent per year. 
c. Current value of college education It was difficult to ar­
rive at a single private cost figure for college education. Clearly col­
lege education is a fairly highly differentiated product. The willing­
ness of an individual to pay higher tuition and fees may reflect many 
items including a higher quality program in his chosen curriculum, or 
consumption expenditures. Consumption expenditures may be made for 
reasons of prestige, parental ties to the university, a better party 
life, true intellectual pursuits, or other items, both real and imagined. 
Since the model treats individuals entering metal trades and college 
graduation is not a prerequisite for any occupations treated in the model, 
it was assumed that the college education program is of a low cost type, 
such as a junior college. Under this assumption private educational ex­
penditures were estimated at $900. Individual returns from summer em­
ployment were also estimated at $900 leaving a net college cost of zero. 
This net current value was projected to remain at zero. 
Social costs of the first two years of college education were taken 
from Cage's study which showed an average annual cost of $1,002 for arts 
and science transfer curricula in Iowa area schools (18, p. 7). This 
figure plus the summer earnings of $900 left a net annual social value 
of negative $102 for college education. This figure was projected to 
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increase at six percent per year. 
2. Vocational education activity parameters 
a. Current private value o£ vocational education General edu­
cation activities consist about threerfourths of time spent in the 
education process and one-fourth of time spent in vacation periods where 
participants can engage in work, yielding a positive return. Vocational 
education activities include no such vacation periods, running continuous­
ly from entry to completion. This results in part of the higher cost 
estimate for those engaged in such activities with this cost estimated 
at $1500 per year (20). Also, tuition costs may be higher and there 
may be some additional expenses in shop courses. As with the private 
cost of college education the correct cost to use ultimately becomes a 
matter of judgement. These private costs were projected to increase 
at four percent per year. 
b. Current social value of vocational education The data used 
for the social costs of vocational education programs were from a study 
of the costs of programs in Iowa area schools, by Cage (19). The Icwa 
area schools consisted of four area vocational schools and eleven area 
community colleges. The area schools varied widely in their course offer­
ings, both in what programs were offered and, for vocational programs, 
in the length of these programs. 
The cost data used here are from programs in 1) electronics tech­
nology; 2) mechanical drawing; 3) mechanical technology; 4) refrigeration, 
heating, and air-conditioning service; and 5) welding. Cage's study 
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covered a total of fourteen vocational-technical programs. Costs in­
cluded all expenditures except initial expenditures on equipment and 
plant. Included in the costs were both fixed costs for establishing a 
curriculum and an assigned portion of the school's operational costs, 
not directly assignable to any particular course or program. Results of 
the Cage study showed that vocational-technical programs had significant­
ly higher costs than the arts and science transfer curriculum, which 
were also offered in the area community colleges. It was also found 
that costs for similar programs differed significantly among the area 
schools. 
A multiple regression analysis was run on data from Cage's thesis 
with the results shown in Table 4.1 and Table 4.2. 
Table 4.1. Regression of program length, enrollment, and program on 
the yearly cost of selected vocational programs in Iowa 
area schools 
Source ti t-value 
Program length (months) 5.52 .1630 
Mechanical drafting [3f -172.80 -.3216 
Mechanical technology [7] 491.07 1.4104 
Refrigeration, etc. [4] -372.77 -.8122 
Welding [10] 73.47 .1460 
Enrollment ^  -36.17 -3.3711** 
Intercept (P^) [10] 2581.65 3.4740** 
^Numbers in [ ]'s indicate the number of schools having that type 
program. The number on the intercept represents the number of schools 
offering an electronics technology program. 
**Significant at .99 level. 
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Table 4.2. ANOV: Program length, enrollment, and program on vocational 
training costs 
Source D.F. Sum of squares Mean square F- ratio 
Regression 
Residual 
Toial 
6 
27 
33 
9341219.61 
12496663.4 
21837883.0 
1556869.94 
462839.38 3.3637* 
.428 
*Significant at .95 level. 
The low significance level applied to the p-coefficients of the 
program variables likely reflect the lack of sufficient observations of 
the programs. This is particularly understandable when considerable 
variance is introduced by differences between area schools. Eliminating 
this source of variation would cost 17 degrees of freedom in the re­
gression analysis, leaving only 10 degrees of freedom for the residual. 
For this reason and because we are interested in estimating the expected 
cost of particular types of vocational programs across the existing 
quality range of schools, dummy variables for schools were not intro­
duced in the multiple regression analysis. The use of multiple regression 
for estimation is superior to the use of simple averages of cost per 
unit of time for each of the program types, because of the small number 
of observations on which some averages would be based. Multiple re­
gression estimation also accounts for the very significant effect of en­
rollment, which might be lost in the use of simple averages. 
A 
The P's are the least square estimators of the P's. This is un­
changed by high variability of the independent variables used in esti­
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mation. Realizing that the coefficients estimated may have a fairly 
large error, they were still used as the best available estimators of 
vocational training costs. 
Any vocational training program which could not be closely identi­
fied with one of the five programs from the Cage study was assigned the 
average cost over all five programs. This cost was $1902.97 per year, 
or $158.58 per month. 
Costs of the five programs from the Cage study were calculated 
from the multiple regression analysis, under the assumption that, for 
each program, the average length of program^ and the average enrollment 
for that program were the actual values. Table 4.3 presents the aver­
age length, average enrollment, and the calculated cost of the programs 
per year and per month. The social costs of vocational education were 
projected to increase at six percent per year. 
Table 4.3. Social costs of vocational education programs 
Program Av. length Av. en­ Cost Cost 
in months rollment Per year Per month 
Electronics technology 19.8 32.4 $1519.04 $126.59 
Mechanical drafting 11.0 25.7 1540.00 128.33 
Mechanical technology 19.3 23.6 2325.64 193.80 
Refrigeration, etc. 15.0 16.3 1702.11 141.84 
Welding 8.6 14.5 2178.13 181.51 
Average 1902.97 158.58 
1 A 
The length of program i, times its p., indicates thi effect of in­
creased length of program on the cost of tAat program for a standard unit 
of tirae. In this case the unit of time used was one year. The average 
length of the program is used because of possible correlation with program 
type, and the resulting simplicity of the model application. 
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3. Occupation activity parameters 
a. Cross-sectional wage profiles The survey information on 
wages consisted of the starting and the top wages for each occupation. 
This information indicated the relative level of wages which might be 
expected in each occupation. It was not sufficient, however, to make any 
projection of wages over an individual's expected upward occupational 
movements over his lifetime. As such projections were necessary to esti­
mate present-values of expected incomes for application in the applied 
model, additional sources had to be consulted. 
Journal articles by Herman P. Miller (53), H. S. Houthakker (37), 
and W. Lee Hansen (33) dealt with expected lifetime income by level of 
general education. The most recent of these studies used 1958 data. All 
three studies are based on census data of average income, divided into 
six to twelve age groups and six to nine general education groups. Since 
these articles were published more recent census data have become available. 
A Department of Commerce publication on the expected value of esti­
mated lifetime earnings presents the average income for 1959 by broad 
occupational groupings as well as bi-yearly age categories and three 
general education categories (86). This study indicated that, at early 
ages, workers in the craftsmen, foremen, and kindred workers category 
tended to have slightly higher earnings than did all workers, but they 
had lower earnings at the older ages. This held true in all education 
groups, except eighth grade, where craftsmen, foremen, and kindred 
workers tended to have somewhat higher earnings at all age levels. The 
advantages of breakdowns by occupation category are diminished by the 
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realization that workers starting in a given occupation category often 
expect to eventually move to other occupational categories before re­
tirement. 
Another Department of Commerce publication presented annual mean 
income by education and age for selected years, through 1966 (84). Those 
data were used to estimate expected levels of income, within the struc­
ture of the model. This choice was made because of the current nature 
of the data. This data on 1966 mean income were presented for yearly 
age categories from age 18, to age 64. All figures were adjusted by 
mortality rates to reflect the expected income of a person currently 18, 
at each year in the future. For use in the educational investment model 
these figures were readjusted by mortality rates so they reflected the 
expected income of a person at each age, given he lived to the completion 
of the year. This adjustment was necessary because the model treated 
individuals with any entry age. 
Regression analysis was used to fit these adjusted values for educa­
tion categories corresponding to those of the model. These education 
categories were: elementary school, eight years; high school, one to 
three years; high school, four years: and college, one to three years. 
It was found that, in all education categories, the income profile was 
fit well by a parabolic (or quadratic) function of the type, y = ax^ + 
bx + c, where y represents age and x represents average income.^ 
^The parabola fit by this equation is of the form: 
y = (kp) + (-a /2p) X + (a^ + 4p&)/4p. The focus is (a> p + ^  ) and 
the directrix has the equation y = & - p. 
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The equation was used to estimate an x-value for a given y. There may be 
two real values of x corresponding to a given y in which case the larger 
X is used for the projection of wages. Using only the largest x values 
eliminates the bottom half of the parabola, which would have shown de­
creasing income over time. 
Table 4.4 presents the results of the discussed regressions. The 
values indicate that the parabolic function gave a very good fit in 
all education categories, except the college category where the fit was 
still deemed adequate. 
Table 4.4. Estimated parameters for parabolic representation of cross-
sectional income, by education categories 
Education Intercept Value t-value Value t-value 
8th grade 25.622 -.01466 -8.8673** .2358xlD^ 14.3307** .9747 
1-3 years H-S. 10.460 -.006709 -8.1668** .1203x10^ 15.4242** .9683 
H.S. graduation 13.269 -.006246 -10.8460** .8919x10^ 20.6801** .9864 
1-3 years college 5.682 -.002390 -2.1548** .4305x10 5.5068** .8547 
is the coefficient for x and ^2 is the coefficient for x^. 
Having 1) the cross-sectional wage estimates, by education category, 
and 2) the starting and top wages by occupation, within each education 
group, these two items had to be brought together to form a single 
measure of expected payoffs. The objective of this merger was the pro­
jection of income, by years since entry and by occupation. 
Observation of the starting and top wages from the survey informa­
tion suggested that the entry wage might have been lowered in some cases 
by the inclusion of individuals who were actually still in training (at 
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least part time) for the occupation. To help raise such low figures 
and to give a better overall index of wages in a particular occupation, 
a new wage figure was calculated for each occupation. This new value 
was a weighted average of the starting and top wages, with the beginning 
wage weighted two-thirds and the top wage weighted one-third. 
The weighted wage for an occupation was compared to the beginning 
wage of the cross-sectional wage schedule for that education category. 
If they were the same the cross-sectional wage schedule was used, un­
changed for the wage schedule of the occupation. If the weighted 
wage was different from the beginning cross-sectional wage the entire 
schedule of wages was shifted and this shifted wage schedule was then 
used for the occupation. 
When the weighted wage was above the beginning cross-sectional wage 
(the most prevalent occurrence) the schedule of wages was shifted both 
upward and to the left. The schedule was first shifted upward by one-
third of the difference. This adjustment presumes that one-third of 
the difference in the two wages is permanent and will be reflected in 
that same absolute difference of the expected wages, at all time periods. 
The remaining two-thirds of the difference in the weighted and starting 
cross-sectional wages was compensated for by shifting the newly raised 
schedule of wages to the left, until the initial value of the wage schedule 
is the same as the weighted wage. The programming model uses annual 
wage estimates rather than a continuous wage function. Thus, the wage 
schedule was shifted to the left until the minimum difference between 
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the weighted wage and the cross-sectional wage value was reached. The 
result may have left a small difference in the weighted wage and the 
initial wage actually used. 
If the weighted wage was greater than the beginning cross-sectional 
wage, the entire cross-sectional schedule was shifted downward by two-
thirds of the difference in the wages. It was not possible to use the 
same procedure as was used when the weighted wage was smaller, because 
of the manner in which wages were estimated. The wage schedule could 
not be shifted to the right because the parabolic estimation procedure 
would then give imaginary income values in the earlier periods. 
The same values and projection methods were used for social values 
as were used for private values. It was assumed that the market value 
of an occupational service was the best measure of that service's con­
tribution to total output for the economy. This meant that marketable 
output of the economy was used as the single component of social output. 
b. Projection of the general wage level Estimates of wages, as 
determined by the length of time in an occupation, were based on cross-
sectional data. These figures had to be adjusted over a time dimension 
so they would apply to expected wages over a lifetime. To make such an 
adjustment past wage trends were projected to the future. Time-series 
wage data were found in breakdowns by 1) Standard Industrial Classifica­
tions (SIC's), for Iowa (90), 2) job classification within specific 
firms (86), and 3) education level for the entire U.S. (84). 
It was decided that the SIC data could not be correlated accurately 
with occupational categories. Also, only small differences between the 
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classifications were reflected in the wage projections. Data specific 
to a certain firm raised the doubt that such figures might not be repre­
sentative of all firms. There also appeared to be no accurate method 
to correlate the occupational classifications of the firms to those of 
the model. 
In addition to the process of elimination two other good reasons 
can be given for using breakdowns by education. Differential projections 
by educational level can be accurately applied to components of the 
model, as it is similarly divided. It was also found that large dif­
ferentials, both in wages and in the projections of these wages, existed 
between the education categories. 
Average wage figures were used for the education categories: eighth 
grade, 1-3 years of high school, high school diploma, and 1-3 years of 
college. The time period covered was 1956 through 1966, with data exist­
ing only for the years 1956, 1958, 1961, 1963, 1964, and 1966. A simple 
linear regression analysis was used to fit the wage, as the dependent 
variable, with the coded year as the independent variable. Regressions 
were run with wages in both current dollars and with wages corrected to 
1966 prices. Regression coefficients significant at the .99 level, were 
obtained in all regressions and there were good fits with the lowest R^ 
being 0.7670. It was found that in every education category better fits 
were obtained using current prices. Using current prices the lowest R^ 
was 0.9553. Thus, the wage projection in current prices was chosen for 
use in the model. Since these projections were in money wages no addi­
tional adjustment for price level changes was necessary. 
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The results of the regression analysis in current prices are shown 
in Table 4.5. Model adjustments were made by multiplying the number of 
A 
years distant from the initial period by the p^-coefficient and adding 
this product to the cross-sectional wage projection. 
Table 4.5. Linear regression results of years on average yearly wage 
in current dollars, by education category, for the years 
1956-66 
Education 
Fo 
Intercept 
#1 
Slope D.F. t-value R2 
8th grade 3406.65 127.93 4 12.4313** .9747 
1-3 yrs. H.S. 4013.11 189.38 4 9.2494** .9553 
H.S. diploma 4711.33 234.40 4 9.8958** .9605 
1-3 yrs. college 5596.09 272.72 4 12.9477** .9765 
Total 4026.24 242.92 4 15.7957** .9840 
4. Non-activity parameters 
In addition to the activity parameters just covered some additional 
parameters must be specified for the model. 
Built into the model is the probability of not being in the labor 
force at a particular time to realize returns which is the most easily 
quantified element of risk involved in the activity returns. This possi­
bility can be separated into its components of death, disability, and 
unemployment. 
a. Unemployment and disability The probability of unemployment 
would be expected to be widely variable between occupations. The import­
ance of unemployment lies, of course, in its expected length as well as 
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in its probability of occurrence. No information could be found on the 
probability of unemployment identified by categories such as those of 
the model. Since the occupations represented in the model are those 
which the survey indicated now had vacancies, and which were difficult 
to fill, it was decided to attempt no adjustments for unemployment. 
Data from the Bureau of Labor Statistics on job injury rates indi­
cated that expected loss of working time from injuries was fairly small 
(91). The average number of working days lost from job injury were cal­
culated for the industry groups: SIC 33, SIC 34, and SIC 35. These 
were those industries sampled in the survey. Estimates were calculated 
for the years 1963, 1964, and 1965 as these were the most current years 
for which data was available. It was estimated that the proportions of 
working time lost from injury were: 1963 - .00528; 1964 - .00588; and 
1965 - .00652. 
The injury factor is important to individual decisions in the model 
only as it is reflected in an effect upon expected income. It was not 
known what percentage of the injuries resulted in the total loss of in­
come. For the remaining injuries the loss of wage income was replaced 
by other compensation. It might be expected that the largest percentage 
of injuries are so compensated. The effect of injuries on the number 
of days worked is probably a little over one-half of one percent and the 
loss of income caused by injury, considerably less than this. The loss 
of days worked would represent a decline in society's return and the 
smaller, loss of income, a decline in individual returns. However, both 
were so small that the effect of injury on returns was neglected as a 
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possible adjustment in the valuation of activity returns. 
b. Mortality Mortality rates were used to approximate the 
probability of not receiving income in a particular period. The mortality 
rates were adjusted to reflect the probability of a person presently at 
a given age being alive in each of the future years. As an example, a 
white male, presently age 59 has a probability of .927 8 of living to 
realize income during age 64. Thus, the present-value of income ex­
pected at age 64, before mortality adjustments, was multiplied by .9278 
to give what might more accurately be called the present-expected-value 
of income received at age 64. 
The mortality data used originated from the Division of Vital 
Statistics, National Center for Health Statistics (52). These figures 
related the number of deaths per one-thousand white males, for each age 
group. The deaths per thousand were divided by one-thousand to give a 
probability, having reached a certain age, of dying during that age. 
This figure will be called the mortality rate. 
The probability of surviving a particular year is one minus the 
mortality rate for that particular age, multiplied by the probability 
of ever reaching that age. The probability of reaching a particular age 
is the survival rate of the previous period. The survival probability 
profiles, for each current age, were calculated by the following formula. 
Sai ~ Sai_i(l - ra+i_i) i = 1,2,...,55 - a + 1, where (4.3) 
S(xi = the probability of surviving to realize income, i 
years in the future, for a person currently a years old 
rj = the probability of the average person dying when j 
years old (i.e. the mortality rate) 
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Mortality adjustments were applied equally to private and social 
returns. 
c. Other parameters Other parameters of the model are in­
dividual characteristics and the discount rate, both private and social. 
In applying the model, these parameters were changed to show their im­
pact on the values of different activity paths. 
The current location of the individual could be at any event point 
or in any activity within the activity network. If currently in an edu­
cation activity the individual's length of time in that activity was speci­
fied to allow adjustment of the time and the cost to complete the activity. 
If presently in an occupation activity the current wage was specified 
so that the present-value of staying in the occupation could be properly 
adjusted for experience gained in that employment. This adjustment was 
made by moving the schedule of wages upward by one-third of the differ­
ence between the weighted and cross-sectional wage, as done for other 
occupations. The schedule was then moved to the left until the starting 
cross-sectional wage was the same as the current wage the person was re­
ceiving. 
The current age of the person, in years and months, was specified. 
This, in turn, specified the length of all activity paths, which lasted 
until retirement at age 65. The age also specified the set of mortality 
adjustments to use. 
The discount rate was also specified for both private and social value 
calculations. A number of different rates were used to present different 
possible situations. More will be said about discount rate in the next 
chapter. 
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V. RESULTS 
A. Method of Application 
As shown previously the application of this model to Iowa metal-
trades yields results limited in their applicability to the universe 
sampled. This limitation is to be noted because the choice of an oc­
cupation for a person is realistically made from the entire universe of 
existing occupations while the occupations of significance to the applied 
model are only a small part of this total. However, it should be expected 
that the influence of education on earnings is still reflected in such & 
sampled subsection of total occupations because such occupations are in 
competition for employees with all other occupations in the economy. 
The model, designed to handle numerous parametric changes and a 
very large number of combinations of these parameters, will be used here 
to present the effects of selected sets of these parameters on: (1) the 
present-value of different occupations, (2) the ranking of the occupa­
tions by present-values, and (3) the desirability of increased education 
measured through the rank of occupations by educational prerequisites 
category. 
All runs of the model were made with both private and social values 
and discount rates. The specification of these private and social values 
was explained in the previous chapter. 
All runs were also made on several personal discount rates and 
several social discount rates. The personal discount rates used were 5 
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percent, 8 percent, and 15 percent. These rates were chosen to approxi­
mate three financial conditions which an individual might face. The 5 
percent approximates the rate of return which can be expected on savings 
in commercial banks and savings and loan institutions, or government 
savings bonds. The 8 percent rate approximates the lowest interest 
rate which might be expected on a secured loan, such as a mortgage. The 
15 percent rate approximates the lowest expected rate on a nonsecured 
loan. These discount rates are used to represent individuals in differ­
ent financial positions. The 5 percent rate is used for individuals in 
a very secure financial position and the 15 percent rate for the very 
poor or those in financial difficulties. In fact, it could be argued 
that the very poor may face a discount rate considerably greater than 
the 15 percent figure. 
The social discount rates used are 3 percent, 5 percent, and 7 per­
cent. These rates were not chosen only to represent different situations, 
as were the different personal rates but were chosen to present a range 
used in this area where there appears to be no general agreement on what 
the social discount rate should be. These three rates are used allow­
ing the reader to select that rate which he most prefers. The use of 
three rates also points out the effect of the social discount rate on 
the social present-value of education. While these rates cover the range 
of more often used social discount rates an even higher discount rate, 
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based on the opportunity cost of public funds, has been advocated (7). 
The model was run for individuals of two quite different ages to 
show the effect of age on payoffs from education. The first age used 
was 18 years to indicate the situation for a youngster who is a new, or 
quite recent, entrant to the labor force. The other age was 55 years 
which indicated the situation faced by an individual who has ten years 
remaining until retirement. 
At both ages under each of the discount rates and both private and 
social values, individuals were treated who presently had an eighth 
grade education, two years of high school, and a high school diploma. 
B. Findings 
Each run of the model gave the following items: (1) a listing of 
all 89 occupations identified for Iowa metal-trades, ranked from largest 
to smallest by the present-value of their total activity path; including 
the cost of educational prerequisites and returns from the occupation; 
and (2) the difference in the present-value for each activity from that 
of the top ranked activity. Summary tables of these applications are 
presented to show more clearly, in a condensed form, the results of these 
model applications. 
Table 5.1 indicates the importance of acquiring more education 
^As will be shown in the following results, under the costs and re­
turns data of this model, the principal difference in social and private 
present-values, arises from the discount rate used, particularly over 
longer periods. Thus, a rough idea of the results of a higher social dis­
count rate can be gained by looking at the effects of the .08 and .15 
personal discount rates on personal returns. 
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Table 5.1. Highest rank of an occupation requiring each level of general 
education by age, present education level, social or private 
values, and various discount rates 
Present level Type value Discount Rank of highest ranked occ.requiring 
of education Soc. Priv. rate 8th or less SomeH.S. H.S. dip. Some ool. 
Age = 55 
8th or X .15 1 25 38 84 
less X .08 1 21 38 86 
X .05 1 15 37 - 84 
X .07 1 20 38 84 
X .05 1 20 37 84 
X .03 1 15 37 83 
Some H.S. X .15 2 1 35 82 
X .08 2 1 21 83 
X .05 2 1 11 76 
X .07 2 1 17 77 
X .05 2 1 14 76 
X .03 2 1 11 71 
H.S. X .15 16 35 1 67 
diploma X .08 36 38 1 44 
X .05 30 8 1 31 
X .07 27 8 1 42 
X .05 29 8 1 31 
X .03 33 9 1 27 
Age = 18 
8th or X .15 1 13 33 70 
less X .08 2 1 5 6 
X .05 41 9 3 1 
X .07 4 1 3 2 
X .05 36 8 3 1 
X .03 61 24 3 1 
Some H.S. X .15 2 1 10 65 
X .08 42 1 3 2 
X .05 65 9 3 1 
X .07 53 1 4 2 
X .05 65 8 3 1 
X .03 66 26 3 1 
H.S. X .15 41 9 1 28 
diploma X .08 60 31 3 1 
X .05 65 43 3 1 
X .07 60 35 3 1 
X .05 65 42 3 1 
X .03 66 52 3 1 
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under each of the parameter combinations. Shown is the rank of the high­
est ranked occupation with each of the indicated general education pre­
requisites . 
For a person currently of age 55 it is shown that for each present 
level of education the top rated occupation is one requiring that same 
level of education for entry, for both private and social returns and 
under all of the discount rates used. This shows that even when using 
the social returns and a 3 percent social discount rate, additional gener­
al education can not be justified for a person of 55 who presently has 
one of the indicated levels of general education. The nearest that addi­
tional education comes to being optimal is for the social values, dis­
counted at 3 percent for a person now having two years of high school, 
where completion of high school could qualify him for the eleventh ranked 
occupation. However, this means that there are ten higher valued occupa­
tions which require no additional education. 
For a person of age 18 the use of social or private values, the dis­
count rate, and the present level of education, become quite important 
in determining the desirability of investing in education. The general 
trend observed is that additional educational investments become less de­
sirable as the discount rate becomes higher. This result is expected 
since educational investments defer income; meaning that the present-
value of such income becomes lower as the discount rate rises. While 
this general trend can be observed in the relative rankings at age 55 
it is much more pronounced at age 18 where the optimal level of education 
is sensitive to the discount rate used. 
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For a person with discount rate 15 percent and an eighth grade edu­
cation, the twelve highest ranked occupations require only an eighth 
grade education or less, and there is no indicated financial incentive 
to continue in the general education process. The highest rank of an 
occupation requiring high school graduation is 33 and the highest rank 
of an occupation requiring some college is 70. Under an 8 percent dis­
count rate a major change is realized. While the four highest ranked oc­
cupations do not require high school graduation the occupation of rank 
five does have such a requirement. This movement has been from rank 33 
under the 15 percent discount rate to rank five under the 8 percent rate. 
With a 5 percent discount rate, for a person currently having an eighth 
grade education, the highest ranked occupation required some college 
and the top eight occupations require at least high school graduation. 
Under a 7 percent social discount rate a situation approaching in­
difference to the desired amount of general education exists; as the top 
ranked occupation requires some high school, some college has rank two, 
high school diploma has rank three, and no additional education has rank 
four. Under a 5 percent social discount rate the seven top rated occu­
pations require at least high school graduation and the top 35 occupations 
require at least some additional general education. With a 3 percent 
social discount rate the 23 top ranked occupations require high school 
graduation and the top 60 require at least some additional general edu­
cation. 
A person of 18, who has completed two years of high school has more 
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incentive to continue in the general education process than he does when 
presently having completed only the eighth grade. For personal returns, 
under a discount rate of 15 percent, the highest rank of an occupation 
requiring high school graduation has moved from 33 to 10. Under an 8 
percent discount rate the highest rank of an occupation requiring high 
school graduation is three rather than five, and the highest rank of an 
occupation requiring some college is two rather than six. The ranking 
of occupations by social returns is virtually unchanged from a person 
having an eighth grade education to one having completed two years of 
high school. 
For a person having completed high school only the case for individu­
al returns discounted at 15 percent does not show the optimality of con­
tinuing education through some college.^ In this situation the 27 highest 
ranked occupations require no additional general education. In all cases, 
except private returns at a 15 percent discount rate, the occupation of 
rank three requires no additional general education. This is partially 
a result of having only four occupations in the total of 89 which require 
some college for entry. A more complete view of the occupational rank­
ings can be gained by studying Tables 5.2 through 5.7. 
Tables 5.2 through 5.7 present much more complete information about 
the results of model application than did Table 5.1. These tables deal 
with a person of age 18, leaving out the case of a person of age 55, 
where the effects of parameter changes are much less pronounced. In 
fact, for age 55 in several instances the rankings of occupations would 
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have been identical for all levels of a variable (such as the discount 
rate) while the level of all other factors was fixed. Each table repre­
sents one of the six possible combinations of (1) three education levels 
at entry (eighth grade, some high school, or high school graduation) 
and (2) either private or social values. For each of the six tables 
the three discount rates, whether private or social, are presented as 
separate sections with the twelve occupations having the largest present-
value listed in order of present-value. Each occupation is completely 
identified by its job number and the level of education needed for entry. 
The present-values apply to the entire activity path ending in the indi­
cated occupation- Each occupation is then identified by the rank it 
holds for social and private returns and for each discount rate. Jobs 
identified by "b" require two months or more of vocational education for 
entry. 
In very general terms the tables indicate that the private desira­
bility of vocational education is affected by the discount rate and the 
level of general education presently attained. Investments in vocational 
education appear to become more desirable as interest rates lower and 
the level of general education completed increases. Tables 5.2 through 
5.4, present private returns for each of the three personal discount 
rates. The quantities of occupations which required vocational education 
are: six, for eighth grade or less; ten, for two years of high school; 
and thirteen, for high school graduation. The numbers of occupations 
requiring vocational education summed, over the education categories 
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Table 5.2. The twelve most privately optimal occupations at age 18; 
eighth grade education, or less; and various discount rates 
Disc. Job Present- Level of edu- Rank of occupation 
rate no. value cation needed^ Private rate Social rate 
(dollars) .15 .08 .05 .07 .05 .03 
.15 5041 54404 1 1 2 41 4 36 59 
6381 53843 1 2 3 42 6 40 61 
0311 52999 1 3 4 50 12 43 63 
6041 52212 1 4 8 58 13 54 66 
5181 51243 1 5 14 63 17 60 69 
5191 50330 1 6 16 65 22 64 71 
5141 48613 1 7 25 69 36 69 72 
6001 48369 1 8 30 72 40 70 73 
6091 48317 1 9 31 73 43 71 74 
8011 48274 1 10 33 74 44 74 75 
7411 47565 1 11 41 76 53 76 76 
8121 47498 1 12 42 77 54 77 77 
00 o
 6381 108916 13 1 9 1 8 24 
5041 107914 1 1 2 9 1 8 24 
6381 106971 1 2 3 42 6 40 61 
0311 105522 1 3 4 50 12 43 63 
0311 104994 3 30 5 3 3 3 3 
0701^ 1047 01 4 84 6 2 5 1 1 
012lb 104555 4 70 7 1 2 2 2 
6041 104183 1 4 8 58 13 54 66 
6002b 103772 2 31 9 26 18 23 41 
0741 102914 3 33 10 4 7 4 5 
6371 102891 3 34 11 5 8 5 6 
0121 102809 3 41 12 6 11 6 4 
.05 012 lb 19457 0 4 70 7 1 2 2 2 
070lb 194450 4 84 6 2 5 1 1 
0311 185395 3 30 5 3 3 3 3 
0741 182174 3 33 10 4 7 4 5 
6371 182137 3 34 11 5 a 5 6 
0121 182015 3 41 12 6 11 6 4 
6011 181763 3 37 13 7 9 7 7 
8121 181040 3 38 15 8 10 9 10 
6381 180484 2 13 1 9 1 8 24 
620lb 178252 3 47 17 10 16 10 11 
7031 177968 3 42 18 11 14 11 14 
8011 177457 3 43 20 12 15 12 17 
^General education requirements for entry: l=eighth grade; 2 =some 
high school; 3=high school diploma; 4=some college, here and throughout. 
^Occupations which require an average of at least two months voca­
tional education for entry, here and throughout. 
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Table 5.3. The twelve most privately optimal occupations at age 18; two 
years of high school; and various discount rates 
Disc. Job Present- Level of edu- Rank of occupation 
rate no. value cation needed^ Private rate Social rate 
(dollars) .15 .08 .05 .07 .05 ,03 
.15 6381 
5041 
6381 
6001 
6061 
0311 
6041 
7411 
6002 
0311 
8101 
5181 
08 6381 . 
070lb 
0311 
012lb 
6002b 
0121 
0741 
6371 
6011 
8121 
6201^ 
6012b 
61083 
54413 
53852 
53388 
53281 
53007 
52220 
51857 
51844 
51625 
51456 
51252 
125007 
120838 
12 0494 
120494 
119241 
118657 
118032 
118006 
117731 
117201 
116047 
115134 
2 
1 
1 
2 
2 
1 
1 
2 
2 
3 
2 
1 
2 
4 
3 
4 
2 
3 
3 
3 
3 
3 
3 
3 
1 1 9 1 8 26 
2 42 65 53 65 66 
3 48 67 60 67 67 
4 25 53 26 .48 55 
5 26 54 27 50 56 
6 54 68 62 68 68 
7 64 69 68 69 69 
8 35 58 42 57 58 
9 5 28 14 25 42 
10 3 3 4 3 3 
11 40 59 43 59 59 
12 69 70 70 70 70 
1 1 9 1 8 26 
84 2 1 3 1 1 
10 3 3 4 3 3 
65 4 2 2 2 2 
9 5 28 14 25 42 
21 6 4 7 4 4 
14 7 5 5 5 7 
16 8 6 6 6 8 
17 9 7 8 7 9 
20 10 8 9 9 10 
32 11 10 10 10 11 
58 12 13 17 14 13 
.05 0701^ 216564 4 84 2 1 3 1 1 
012lb 215957 4 65 4 2 2 2 2 
0311 204833 3 10 3 3 4 3 3 
0121 201888 3 21 6 4 7 4 4 
0741 201213 3 14 7 5 5 5 7 
6371 201171 3 16 8 6 6 6 8 
6011 200749 3 17 9 7 8 7 9 
8121 199932 3 20 10 8 9 9 10 
6381 199197 2 1 1 9 1 8 26 
62 01^ 197 955 3 32 11 10 10 10 11 
7031 196483 3 22 14 11 11 11 16 
7412» 196371 3 36 13 12 14 25 42 
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Table 5.4. The twelve most privately optimal occupations at age 18; 
a high school diploma; and various discount rates 
Disc. Job Present- Level of edu- Rank of occupation 
rate no. value cation needed^ Private rate Social rate 
(dollars) .15 
00 0
 .05 .07 .05 .03 
0311 66162 3 1 3 3 3 3 3 
0741 64424 3 2 5 5 5 5 7 
6371 64407 3 3 6 6 6 6 8 
6011 64227 3 4 7 7 7 7 9 
8121 6387 8 3 5 8 8 8 8 10 
0121 63161 3 6 4 4 4 4 6 
7031 62188 3 7 13 12 10 10 8 
8011 61941 3 8 15 14 11 14 19 
6381 61083 2 9 31 43 35 42 52 
6201b 60944 3 10 9 9 9 9 12 
62 61 60530 3 11 20 13 18 13 11 
7412^ 60294 3 12 12 11 12 11 15 
Xi 
.
 
o
 
O
 140479 4 53 1 1 2 1 1 
0121^ 139479 4 28 2 2 1 2 2 
0311 138325 3 1 3 3 3 3 3 
0121 136275 3 6 4 4 4 4 6 
0741 135417 3 2 5 5 5 5 7 
6371 135385 3 3 6 6 6 6 8 
6011 135060 3 4 7 7 7 7 9 
8121 134433 3 5 8 8 8 8 10 
62 01b 133221 3 10 9 9 9 9 12 
6012b 132404 3 27 10 10 13 12 13 
0321 132088 3 42 11 13 18 13 11 
7412b 132018 3 12 12 11 12 11 15 
07 0lb 238596 4 53 1 1 2 1 1 
012lb 2 37148 4 28 2 2 1 2 2 
0311 223103 3 1 3 3 3 3 3 
0121 22 0034 3 6 4 4 4 4 6 
0741 219052 3 2 5 5 5 5 7 
6371 219006 3 3 6 6 6 6 8 
6011 218531 3 4 7 7 7 7 9 
8121 217616 3 5 8 8 8 8 10 
8121 217616 3 5 8 8 8 8 10 
620lb 215690 3 10 9 9 9 9 12 
6012b 214074 3 27 10 10 13 12 13 
7412b 213912 3 12 12 11 12 11 15 
703lb 213758 3 7 13 12 10 10 16 
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Table 5.5. The twelve most socially optimal occupations at age 18; an 
eighth grade education; or less, and various discount rates 
Disc- Job Present- Level of edu- Rank of occupation 
rate no. value cation needed^ Private rate Social rate 
(dollars) .15 .08 .05 .07 .05 .03 
6381 126311 2 13 1 9 1 8 24 
0121" 125018 4 70 7 1 2 2 2 
0311 124274 3 30 5 3 3 3 3 
5041 123521 1 1 2 41 4 36 59 
0701^ 123374 4 84 6 2 5 1 1 
6381 122479 1 2 3 42 6 40 61 
0741 121889 3 33 10 4 7 4 5 
6371 121863 3 34 11 5 8 5 6 
6011 121594 3 37 13 7 9 7 7 
8121 121074 3 38 15 8 10 9 10 
0121 120993 3 41 12 6 11 6 4 
0311 12 0872 1 3 4 50 12 43 63 
0701^ 192400 4 84 6 2 5 1 1 
0l2lb 192316 4 34 11 5 2 2 2 
0311 183622 3 30 5 3 3 3 3 
0741 180401 3 33 10 4 7 4 5 
6371 180364 3 34 11 5 8 5 6 
0121 180115 3 41 12 6 11 6 4 
6011 179991 3 37 13 7 9 7 7 
6381 17 97 82 2 13 1 9 1 8 24 
8121 179267 3 38 15 8 10 9 10 
6201 176320 3 47 17 10 16 10 9 
7031 176196 3 42 18 11 14 11 14 
8011 175684 3 81 22 17 30 12 17 
070lb 313657 4 84 6 2 5 1 1 
012lb 310074 4 70 7 1 2 2 2 
0311 285731 3 30 5 3 3 3 3 
0121 282255 3 41 12 6 11 6 4 
0741 281190 3 33 10 4 7 4 5 
6371 281136 3 34 11 5 8 5 6 
6011 280590 3 37 13 7 9 7 7 
0742b 279974 4 89 83 29 73 29 8 
074lb 279950 4 88 71 21 60 22 9 
8121 279536 3 38 15 8 10 9 10 
6201^ 277287 3 47 17 10 16 10 11 
0321 276400 3 81 22 17 30 17 12 
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Table 5.6. The twelve most socially optimal occupations at age IS; two 
years of high school; and various discount rates 
Disc. Job Present- Level of edu- Rank of occupation 
rate no. value cation needed^ Private rate Social rate 
(dollars) .15 .08 .05 .07 .05 .03 
6381 144031 2 1 1 9 1 8 26 
012lb 143214 4 65 4 2 2 2 2 
0701^ 141894 4 84 2 1 3 1 1 
0311 141786 3 10 3 3 4 3 3 
0741 139013 3 14 7 5 5 5 7 
6371 138983 3 16 8 6 6 6 8 
0121 138847 3 21 6 4 7 4 4 
6011 138670 3 17 9 7 8 7 9 
8121 138064 3 20 10 8 9 9 10 
6201^ 135682 3 32 11 10 10 10 11 
7031 135407 3 22 14 11 11 11 16 
8011 13497 9 3 26 16 14 12 13 17 
0701% 215192 4 84 2 1 3 1 1 
0121% 214377 4 65 4 2 2 2 2 
0311 203736 3 10 3 3 4 3 3 
0121 200660 3 21 6 4 7 4 4 
0741 200116 3 14 7 5 5 5 7 
6371 200074 3 16 8 6 6 6 8 
6011 199652 3 17 9 7 8 7 9 
6381 199197 2 1 1 9 1 8 26 
8121 198835 3 20 10 8 9 9 10 
6201% 196694 3 32 11 10 10 10 11 
7031 195386 3 22 14 11 11 11 16 
7412 195111 3 36 13 12 13 12 15 
0701% 343408 4 84 2 1 3 1 1 
0121% 338568 4 65 4 2 2 2 2 
0311 310376 3 10 3 3 4 3 3 
0121 307150 3 21 6 4 7 4 4 
0742% 306364 4 88 53 22 45 22 6 
0741 305421 3 14 7 5 5 5 7 
6371 305363 3 16 8 6 6 6 8 
6011 304764 3 17 9 7 8 7 9 
8121 303605 3 20 10 8 9 9 10 
6201% 301945 3 32 11 10 10 10 11 
0321% 301853 3 78 15 15 20 15 12 
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Table 5.7. The twelve most socially optimal occupations at age 18; 
a high school diploma, and various discount rates 
Disc. Job Present- Level of edu- Rank of occupation 
rate no. value cation needed^ Private rate Social rate 
(dollars) .15 .08 .05 .07 .05 .03 
012lb 163175 4 28 2 2 1 2 2 
070lb 162331 4 53 1 1 2 1 1 
0311 159996 3 1 3 3 3 3 3 
0121 156812 3 6 4 4 4 4 6 
0741 156781 3 2 5 5 5 5 7 
6371 156745 3 3 6 6 6 6 8 
6011 156381 3 4 7 7 7 7 9 
8121 155677 3 5 8 8 8 8 10 
62 01^ 153197 3 10 9 9 9 9 12 
7031 152598 3 7 13 12 10 10 16 
8011 152100 3 8 15 14 11 14 19 
7412b 151841 3 12 12 11 12 11 15 
07 01^ 2 38323 4 53 1 1 2 1 1 
012lb 236662 4 28 2 2 1 2 2 
0311 223103 3 1 3 3 3 3 3 
0121 219900 3 6 4 4 4 4 6 
0741 219052 3 2 5 5 5 5 7 
6371 219006 3 3 6 6 6 6 8 
6011 218532 3 4 7 7 7 7 9 
8121 217616 3 5 8 8 8 8 10 
6201° 215522 3 10 9 9 9 9 12 
7 031 213758 3 7 13 12 10 10 16 
7412b 213745 3 12 12 11 12 11 15 
6012b 213607 3 27 10 10 13 12 13 
070lb 369586 4 53 1 1 2 1 1 
012lb 363617 4 28 2 2 1 2 2 
0311 331376 3 1 3 3 3 3 3 
0742 b 330594 4 86 41 19 40 19 4 
07 4lb 328452 4 83 43 21 39 22 5 
0121 328146 3 6 4 4 4 4 6 
0741 326012 3 2 5 5 5 5 7 
6371 325948 3 3 6 6 6 6 8 
6011 325296 3 4 7 7 7 7 9 
8121 324036 3 5 8 8 8 8 10 
032lb 323410 3 42 11 13 18 13 11 
620lb 322576 3 10 9 9 9 9 12 
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within each discount rate are: three, for discount rate 15 percent; 
13, for discount rate 8 percent; and 13 for discount rate 5 percent. 
These rankings indicate the increasing desirability of vocational edu­
cation with increasing levels of general education. The effect of the 
discount rate on desirability of vocational education appears to be 
significant when going from 15 percent to 8 percent, or from 15 percent 
to 5 percent, but there is no obvious difference when going from 8 per­
cent to 5 percent. 
Each time an occupation is listed in Tables 5.2 through 5.7 its 
rank within each of the six discount rate and type of value categories 
is specified. While the tables contain too much information to enumerate 
fully in this text a few general observations and illustrative cases are 
presented. 
The conclusion which could be reached from Table 5.1, that individuals 
with higher discount rates are induced to consume less general education, 
is supported by Tables 5.2 through 5.7. One can observe that the edu­
cation requirements for the highest ranked occupations within each cate­
gory increase as the discount rate declines. 
Some occupations have much wider ranges of ranks than do others, un­
der both private and social values and changing discount rates. In Table 
5.2 occupation 6381 has a range of ranks from one to 24. Occupation 0701 
has a range of ranks from one to 84. 
While not necessarily true, one of the extremes in rank often oc­
curs at the 15 percent private discount rate. (All future references to 
social discount rate or private discount rate will mean the indicated 
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discount rate as applied to social or private values respectively.) Not 
only do extremes in rank tend to occur at the 15 percent discount rate 
but such extremes are frequently quite different from the other ranks. 
These extremes suggest that it might be a common experience to find an 
occupation which is optimal or near optimal under a private discount 
rate of 15 percent but far from optimal in all other situations. The 
reverse situation would also be suggested where occupations which are 
ranked quite high for all (or most) other discount rates are ranked very 
low under a 15 percent private discount rate. The major implication is 
that the choice pattern of an individual with a 15 percent private dis­
count rate will be quite different than the choice patterns of those 
with 8 percent or 5 percent private discount rates and quite different 
than the social optimums as defined under 7 percent, 5 percent and 3 
percent, social discount rates. 
The relative attractiveness of occupations is assumed to be based 
upon their relative payoffs as reflected in present-values. (The possi­
bility of considering, also, subjective values of the entrant is dis­
cussed in Chapter VI.) The rank of an occupation can be changed by in­
creasing or decreasing its present-value. The effects of educational 
loans or grants, as discussed in Chapter II and Chapter III, is illus­
trated numerically in the following example. Suppose the entrant is age 
18, with an eighth grade education and an 8 percent personal discount 
rate and that the proper social discount rate is 5 percent. The private 
optimum is occupation 6381, at education level 2, which has a private 
value of $108,916 (Table 5.2) and a social value of $179,782 (Table 5.5). 
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The. social optimum is occupation 0701, at education level 4, with a 
social value of $192,400 (Table 5.5) and a private value of $104,701 
(Table 5.2). To make occupation 0701 privately optimal, as well as 
socially optimal, and assuming no returns can be decreased, the return 
from 0701 must increase by some amount greater than $108,916 minus 
$104,701, or $4,215, in present-value.^ A loan or grant with a personal 
present-value of an amount greater than $4,215 must be available to in­
duce this individual to view occupation 07 01 as optimum. He will then 
follow the socially optimum path, which means pursuing general education 
through some college rather than dropping out of high school to enter 
occupation 6381. 
Appendix C presents a sample table of the value of educational 
loans in terms of their addition to present-value as formulated in Chap­
ter III. In general, Table C.l reflects the fact that loans add more to 
present-value as the interest rate decreases, the personal discount rate 
increases, and/or the length of payoff period increases. 
Occupations identified with an initial number of five, are processing 
occupations. (See Appendix B for descriptions of individual occupations 
^Whether such a public expenditure increases social output, where a 
social cost reflects on opportunity forgone, might be approximated by 
comparing the increase in social values, $192,400 minus $179,782, or 
$12,618, to the cost of the required subsidy, which is over $4,215. Only 
if made in a single immediate payment would the social cost and private 
value of a subsidy be equal. In any deferred payment procedure, with a 
social discount rate less than the private discount rate, the social cost 
would become increasingly larger than the private value as the payments 
became more remote. Also, no initial single payment would suffice to in­
duce any change in private optimum without either a binding contract to 
complete that education, or a requirement to repay, with penalties, if 
the level of education for which the loan was given was not reached. 
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and broader occupational groups.) With one exception such processing 
occupations are in the top twelve occupations only for those entrants 
presently having less than a high school education and a personal dis­
count rate of .15. In no case are they one of the top twelve occupations 
by social value. 
Occupations identified with an initial number of zero, which are 
technical occupations, tend to be more desirable for personal discount 
rates of 8 percent and 5 percent than for a 15 percent personal discount 
rate. This is at least partially a reflection of a positive correlation 
of this category with higher levels of general education. 
Occupations with an initial number of six, which are machine-trades 
occupations, appear to be equally distributed as optimal occupations, 
among all discount rate and present level of education combinations. 
These occupations are in second place, after technical occupations, for 
preferences in the higher level of education and lower discount rate 
categories. 
Only five occupations identified with an initial number of eight, 
which are structural work occupations, appear in the top twelve occupa­
tions for any category. These occupations are 8121 and 8011, both at 
education levels three and one, and 8101 at education level two. 
Four occupations identified with an initial number of seven, which 
are bench work occupations, appear in one of the top twelve categories. 
These occupations are 7411, at education levels one and two, and 7031 
and 7412, at education level three. There is no apparent relationship 
between the ranking of these occupations and the discount rates or the 
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entry levels of education. 
Tables 5.1 through 5.7 contain much more information than is enumer­
ated in the text. Such a lengthy treatment was deemed to be much more 
exhaustive than needed for an explanation of model results and implica­
tions. The preceding written explanations were meant to single out the 
more important results of application of the model. The text should be 
sufficient to guide the reader in further interpretation of the tables. 
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VI. SUGGESTED REFINEMENTS AND EXTENSIONS 
A. Refinement of Procedures 
The suggestions in this chapter will be separated into two sections: 
(1) refinements in the applied model procedure of this study, and (2) the 
extension of this procedure to a broader, more inclusive procedure 
having wider application and furnishing more generally useful results. 
1. Additional considerations 
a. Subjective values The expression of personal attitudes to­
ward occupations is, of course, quite important in specifying the real 
worth of each occupation to a given individual. A decision model which 
truly reflects an individual's decision process must take consideration 
of such an important item-
That an attitude can be exactly quantified and combined with the 
present-value of an occupation is doubtful. However, an approximate 
measure, which is based on the methodology used to give some cardinal 
properties to the vonNeumann-Morgenstern utility function, is suggested 
here. 
This method begins by first designating any one of the occupations 
as a base. Secondly, the relative differences between the subjective 
values of this occupation and those of other occupations are determined 
under the assumptions of instant entry and equal monetary payoffs for 
all occupations. The relative differences are found in the following 
manner: (1) for each occupation find that combination of a lump sum 
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payment of cash and lifetime employment in an occupation which is neces­
sary for the person to be indifferent between that occupation and the base 
occupation; (2) if the base occupation was formerly and initially pre­
ferred to the compared occupation, the "bribe" is attached to the base 
occupation; (3) when the "bribe" is added to the base occupation, this 
amount is added to the present-value of the other occupation so as to ar­
rive at a present-value adjusted for occupational preferences; (4) if the 
"bribe" is added to the occupation being valued, this quantity is to be 
subtracted from the occupation's current present-value so as to adjust 
for preference. 
While the previously presented procedure might be postulated to ad­
just for occupational preferences it is not apparent that preferences 
for education (similar to the consumption element of education) can be 
handled in the same manner. In fact, this researcher has no truly opera­
tional suggestions to make concerning the valuation of such psychic returns 
from education. 
b- Risk In this study no consideration has been made of risk-
While it may not hold universally, individuals are generally expected to 
be risk averters (particularly in cases where relatively large amounts are 
involved). This attitude toward risk can be expressed in several manners 
including: (1) a certain return of x dollars is always preferred to an 
uncertain return with an expected value of x dollars; or, (2) in a more 
general context the variance of expected returns has a negative value 
which changes in the same direction as the variance. Since risk has a 
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negative value it could be expressed through a downward adjustment in 
the present-va lue of an activity path. 
Risk does not affect the expected value of an activity path. Thus, 
adjustments of expected value for possible income loss from unemployment 
and the subsequent cost of movement to a new job, if still employable, 
are not adjustments for risk. Rather such adjustments are necessary to 
arrive at the true expected value of an activity path. This does not 
mean that the amount of risk is not affected by the amount of income lost 
by unemployment and relocation costs. Generally, the larger these items 
of risk, unemployment, and relocation costs are the higher is the varia­
bility of expected income. 
The concept of risk in occupational payoffs is much more complicated 
than the probabilities of being employed or not employed and the effects 
of these on the variability of income. A major item of risk is involved 
in estimating what will be the rate of upward advancement and the pay­
off from a job at any given time. A certain risk is also incurred when 
undertaking an educational program where graduation is not certain. 
Risk is a useful factor in explaining why general education is often 
preferred to vocational education and why certain vocational trades are 
much more zealous in trying to control job entry than are nonvocational 
occupations. General education is a prerequisite to many types of occu­
pations. The more general is the education one receives, the easier it 
tends to be for him to find another job, thus lowering the relocation 
costs and risk. When such a person finds a new job, the entry level of 
pay will probably be near that of his former occupation. Vocational 
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education is not readily transferable; most certainly not to the same 
extent as general education.^ Thus, if a person with a large amount of 
vocational training finds himself out of work he may encounter consider­
able search costs looking for another job. If he does not find another 
job of the same type as his former occupation he will probably be forced 
to accept a job with entry wages lower than those of the job for which he 
is trained. This would be reflected both in risk and lower expected 
value. 
Suppose that all adjustments are made in the expected values (expect 
the adjustment for risk) of an occupation requiring a large amount of 
vocational education for entry (occupation V) and another requiring an 
equivalent amount of general education (occupation G), resulting in ex­
pected values which are the same. Then, if occupation V involves more 
risk, occupation G will be preferred. V will be preferred only if it has 
an expected value exceeding the expected value of G by at least enough to 
compensate for the risk. Thus, an occupation requiring general education 
for entry may be preferred to an occupation requiring vocational educa­
tion, even when the latter has a higher expected value. Thus, risk may 
motivate the restrictions to entry in vocational occupations, as such 
restrictions help to reduce the risk of such occupations, as well as their 
more widely recognized objective of holding wages at a level above that 
which would exist in an unrestricted market. 
^One might view more advanced formal education, such as graduate 
work, in the same light as vocational education. 
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The risk element of a given activity path is determined, in part, 
by the probability of moving from that activity to each of the other ac­
tivities. Once having moved from one activity to another there is a new 
set of probabilities of becoming unemployed in the new occupation and 
moving to each of the other occupations. Additional risk is added by 
the uncertainty attached to the expected payoffs in each activity. 
It is seen that the expected present-values, as calculated in the 
applied model, do not reflect the probabilities of unemployment and move­
ments to other occupations. Before such adjustments can be made, the 
probabilities of unemployment and of movement to other occupations would 
have to be quantitied. A method to arrive at accurate measures of these 
probabilities would have to be established. Lacking accurate measures of 
these probabilities the applied model took the much simpler approach of 
assuming equal risk and income effects of the probabilities for all ac­
tivities. An identification problem also existed for the variability of 
activity parameters. 
Risk measures might also be applied to educational activities, where 
such risk is determined by the probability of completing the educational 
program and the risk associated with the following occupations. It is 
also not clear how this measure of educational risk would be identified. 
Among other things it would be expected that the larger the number of 
occupations to which the education provides entry the lower is the risk. 
Again this gives an advantage to general education over vocational edu­
cation. 
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c. Nonquantifiable factors There are characteristics of an in­
dividual, in addition to age and discount rate, which may affect his ex­
pected payoff (present-value) of occupations. Weisbrod (97) has shown 
that items such as marital status, race, and test scores can be import­
ant factors in explaining the level of income which an individual receives. 
Within the context of the model, effects on expected income might be in­
corporated by adjusting expected payoffs from the occupations. Within the 
more general framework, involving consideration of risk and probabilities 
of occupational movements, they may take the form of different expected 
payoffs and different probabilities of unemployment, or changed levels of 
risk. 
Within the operational model a major adjustment can be made, through 
mortality rates, to reflect different payoffs for nonwhite and white en­
trants. The mortality rates for white males were used in this application 
of the model. At all ages the mortality rates for nonwhite males are 
higher than those for white males. Thus, even if living nonwhites re­
ceive the same income as whites in the same occupation and have equal op­
portunities for those jobs, the probability of reaching any particular 
age to realize that income is less. Therefore, activity paths which re­
quire more education and result in deferred income would have lower present-
values and tend to be less attractive to nonwhites than to whites. By 
using nonwhite mortality rates in the applied model and comparing the re­
sults to those reported here, the effect of these higher mortality rates 
on desirability of education and ranking of occupations could be more ac­
curately indicated. 
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2. Improvement of estimators 
An obvious area where the accuracy of the applied model could be 
improved is in the data used to estimate model parameters- The availa­
bility of better data might also make feasible the consideration of more 
sophisticated techniques for estimation procedures. 
The data on wages which were available dealt, in nearly all situations, 
with the average wage for a particular occupation. There is no way to 
use this single wage figure to indicate the expected time path of wages 
from that occupation. Also, an occupational grouping ignores the pos­
sible hierarchy of jobs within that occupation. To reflect accurately 
the payoff from a job it is necessary to know if this job is usually a 
terminal occupation, with little opportunity for advancement. If ad­
vancement opportunities do exist, an accurate measure of present-value 
should reflect the wage received from these jobs and the further advance­
ment possibilities. The need for measures of occupational stability and 
the worker mobility in the occupation has already been indicated. 
A study of employment projections by occupation and level of educa­
tion along with the current supplies of workers with the needed skills 
could give some insights on employment possibilities. Such a study 
might also reflect on expected wage levels. 
B. Extension to a Macro-Economic Model 
This study has dealt with the most micro-economic level possible, 
the individual. It is suggested here that the individual can be aggregated 
to represent the labor force as being composed of groups of individuals. 
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When the reactions of each individual element of an aggregate can be 
identified, along with the interactions of these elements, then the re­
action of the aggregate should also be identifiable. 
The scope of the aggregation to which such a concept is applied 
might vary considerably from a town or city focus to a national focus. To 
reduce the complication of migration it may be better to consider only 
the larger regional or national applications of such a concept. 
The formation of an operational concept is facilitated by aggre­
gating the labor force into groups of individuals with similar charac­
teristics. The characteristics used should be those which explain the 
larger portions of the quantities of labor supplied by occupational groups. 
Among other characteristics, the following items would likely be considered: 
some index of discount rate, current training, age, and perhaps the loca­
tion of population by area or region. Each population group would also 
have to be defined by the number of individuals it included and its re­
sponsiveness to changes in those parameters which are found to be important. 
The complete description of the labor force involves establishment of 
a set of interrelated supply functions, identifying the supply side of 
the labor market. Of course this is only a part of the solution with the 
determination of the demand functions remaining. 
Perhaps an input-output projection of output by sector could be coupled 
with a projection of technology to determine those demands. The pro­
jection of technology would relate the demand for occupations to the 
level of output in each industrial sector. (The labor demands so defined 
are completely price inelastic.) 
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The objective then might be the establishment of a set of parameters 
affecting supply such that the expected demand is satisfied. One of these 
parameters, wages, would present another interaction of supply and de­
mand since the input-output analysis assumes a particular level of con­
sumer demand for outputs. The wages paid to workers must be sufficient 
to generate this amount of final consumption if the system is to reach 
a solution at the postulated level of consumer demand. This means that 
while manipulation of wages and educational costs may have the same ef­
fect on the supply of labor they will have quite different effects on 
labor demand since wages, but not educational costs (at least directly) 
affect consumer demand. 
Quite obviously this presentation of a more general application is 
only a suggestion of an extension which may be feasible. Before under­
taking such a research project, considerable work would be done on the 
theoretical construct and the availability of data. It may be that such 
an undertaking, in order to give meaningful detail, would have to be too 
massive for actual use. 
If feasible, such an application should be able to present informa­
tion on the structures of regional or national output which are consistent 
with the available labor force. It should also indicate expected wage 
levels by occupation, future composition of the labor force, and the needs 
for various types of educational programs. 
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VII. SUMMARY 
A. Focus of the Study 
The central focus of this study has been the development of a com­
prehensive model to describe the decision process of a person planning his 
lifetime path of educational training, leading to eventual employment. 
This model was developed through the application and extension of several 
available methods. 
The model developed described the decision process of a hypothetical 
person who was assumed to maximize the present-value of returns. This 
type of model gave results applicable to general classifications of in­
dividuals . 
In the applied model both social and private returns were used to 
show possible divergences of the two. Specific application of the model 
was made to metal-trades occupations in Iowa. 
B. Method 
1. Theoretical construct 
The theoretical construct within which the model was formulated, was 
developed by the application of traditional capital and investment theory, 
as applied to the firm, to individual investments in human capital. This 
construct treats the individual as being a concept similar to the firm, 
and education as similar to physical capital. This theoretical construct 
is developed with the assumption of two interest rates, one a borrowing 
rate and the other a lending rate. The traditional capital theory was 
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changed to incorporate the individual characteristics of being able to 
invest in only one type of capital at a time, and the influence of 
wealth holdings. The theoretical construct also dealt with the effect 
of educational grants and low-cost loans on the profitability of edu­
cational investments. 
2. Analytical model 
The analytical model was developed to formulate values, in the form 
of present-values, for the possible sets of educational investment and 
final employment available to an individual. In part, this model was a 
reformulation of the itinerary model, the program evaluation and review 
technique (PERT) and the critical path method (CPM). 
This educational investment model consisted of activities, with time 
and value parameters; and events, which connected the activities. Three 
types of activities were identified. Education activities were of two 
types: either general education, or vocational education, with occupa­
tions being the third type of activity. The activity linkages were de­
fined so that a continually diverging set of activity paths existed. 
The only event which was an end-event for more than one activity was the 
retirement event. 
Age and personal discount rate characteristics of an individual were 
combined with the time and value parameters of the activities to assign 
present-values to each of the activities. These present-values were then 
summed over each of the paths to give a present-value for each combination 
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of an occupation and its educational prerequisites. The model made cer­
tain adjustments for mortality probabilities, the existence of activities 
which the individual had previously fulfilled, and the current location 
of the individual within the network of activities. 
3. Application of the model 
Identification of the network of activities was the first prerequisite 
to application of the model. This information was available from a sur­
vey of Iowa metal-trade occupations. After identification of the network, 
time and value parameters had to be applied to each of the activities. Gen­
eral education was divided into two-year segments and its value (cost) 
was derived from various sources of public data. Vocational education 
activities were assigned time parameters as determined from the Iov;d metal-
trade occupations. The values (costs) of vocational education activities 
were also derived from several sources. Occupation activities were assigned 
a value through a combination of information from the survey and wage 
projections derived from census data. The time element of occupational 
activities was derived from the time required to meet educational pre­
requisites and the age of the entrant. Given this information the present-
values of the activity paths were determined as previously indicated. 
Both social and private values were estimated. 
C. Results and Conclusions 
Application of the model was made through the use of social discount 
rates of 3 percent, 5 percent, and 7 percent and private discount rates 
of 5 percent, 8 percent, and 15 percent. Representative individuals of 
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ages 18 and 55 were used for model application. 
A number of conclusions were reached through the model application. 
These conclusions were: 
(1) The payoff from increased education is higher for younger ages 
and at lower discount rates. 
(2) The differences of social and private returns (as defined in 
the model) is largely a reflection of discount rates. 
(3) More occupations requiring vocational training became optimal 
as the level of education presently completed increased, within 
the context of the sample. 
(4) Educational loans, at low interest rates, are more effective in 
encouraging educational investments as (a) the interest rate on 
the loan decreases, (b) the personal discount rate increases, 
and/or (c) the length of payoff period increases. 
(5) Processing occupations are more attractive to individuals with 
high discount rates. 
(6) Technical occupations are more attractive to individuals with 
low discount rates, and generally require higher levels of 
general education. 
(7) Machine-trades occupations appear to be attractive at ail dis­
count rates and levels of education. 
(8) Structural-work and bench-work occupations appear infrequently 
with near optimal present-values. 
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X. APPENDIX A. RELATIONSHIP OF EDUCATION AND PAYOFF 
In the regressions of Tables A.l and A.3 there are two different 
sets of dummy variables. The first set is level of formal education, 
and the second is previous work experience and level of vocational edu­
cation. previous work experience could not be separated from vocational 
education as any occupations which required both for entry were recorded 
as having the vocational training prerequisite, only. Thus, the inter­
cept coefficients indicate the expected starting and top wages for in­
dividuals with an eighth grade education or less, and no previous work 
experience or vocational training. The following observations can be 
made from the results of the tables. While formal education shows fairly 
impressive payoffs in the metal trades the payoff from a high school de­
gree is considerably less. The best indication is that a high school de­
gree raises beginning pay by six to seven cents and top pay by about ten 
cents per hour. However, the top pay effect is significant at the .95, 
but not at the .99 level, while the starting pay figure is not significant 
at either level. The regression analysis estimates that a college degree 
increases the beginning pay by $1,485 and the top pay by $2,441, while 
"some college" increases beginning pay by $.483 and top pay by $1,107. 
These estimates are significantly different from zero at the .99 level. 
The P-coefficients for vocational education, with the exception of less 
than six months, show that pay rates are an increasing function of the 
amount of vocational training in both the beginning and top wage cate­
gories. This analysis supports the investment assumption of the model 
and indicates the appropriateness of applying this survey data from Iowa 
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Table A.l. Multiple regression of education ôn starting wage 
Source t-value 
College degree 1.485 14.7708** 
Some college .483 8.6186** 
High school degree .065 1.9061 
Some high school .006 .1362 
Previous work experience .279 8.4526** 
Vocational training 
less than 6 months .277 4.0624** 
6-12 months .091 1.7065 
12-18 months .165 3.0331** 
18-24 months .404 7.2442** 
more tha^ 24 months 1.069 8.6176** 
Intercept 2.354 84.0551** 
^^Significant at .99 level , here and in following tables. 
Table A.2. ANOV of education on starting wage 
Source D.F. Sum of squares Mean square F-ratio 
Total 2165 996. 331 
Regression 10 197. 464 19 .746 
Residual 2155 798. 867 .371 53.2672 
Table A.3. Multiple regression of education on top wage 
Source t-value 
College degree 2.441 17.6440** 
Some college 1.107 14.9750** 
High school diploma .100 2.1844* 
Some high school -.112 -1.9314 
Previous work experience .389 8.8303** 
Vocational training 
less than 6 months .157 1.7154 
6-12 months .201 2.8584** 
12-18 months .341 4.7590** 
18-24 months .644 8.7590** 
more than 24 months 1.220 7.5198** 
Intercept (PQ) 2.830 75.9279** 
^Significant at .95 level, here and in following tables. 
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Table A.4. ANOV of education on top wage 
Source D.F. Sum of squares Mean square F-ratio 
Total 2086 1886. 397 
Regression 10 572. 378 57.238 
Residual 2076 1314. 019 .633 90.42 92 
metal trades to the model structure. 
The regressions of Table A.5 are run across all occupations within 
each general education category. The intercept coefficient, indicates 
the average starting wage for entrants with no vocational training. These 
entry wages are nearly the same for the three lower education groups, in­
dicating that the direct marginal return to additional education, at this 
level, is quite small in metal occupations. The relationship of voca­
tional training programs, of under 24 months in duration, to wages, ap­
pears to be inconclusive for education levels other than high school com­
pletion. The payoff from high school graduation then is gained from the 
combination of this education with the vocational education programs, to 
which it opens entry. 
In all categories there is no indicated relationship of wages as an 
increasing function of time spent in vocational education. Several things 
might be suggested from this observation. Partially this is an indication 
that occupations within any general education category differ significantly 
in the relationship of vocational education and its expected payoff. More-
so, it reflects the problems encountered by making aggregations of data, 
disregarding one of the most important variables (i.e. occupation). It 
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might also be suggested, particularly in the lower levels of general edu­
cation, that those occupations requiring the least vocational training, 
are less desirable. Such occupations might be expected to require more 
brawn and less brains and be generally more displeasing jobs in which to 
work, and thus harder to fill, despite the lack of educational require­
ments . 
Table A.5. Multiple regressions of vocational training entry require­
ments on starting hourly wage, by general education entry 
requirements 
Vocational training 
General education 6 mo. 6-12 mo- 12-18 mo. 18-24 mo. 24 mo. 
8th grade or less 2.46** - .21 -.33 -.13 .84** -
Standard error (.0259)* (.1354) ( .  1844) ( .  1751) (.2087) 1 ( - ) 
Some high school 2.47** .16 -.09 .03 - .09 2.85** 
Standard error (.0310) (.1453) ( .  1267) ( .  1350) (.2220) (.4926) 
High school diploma 2.48** .35** .09 .12* .36** .82** 
Standard error (.0235) (.0880) ( .  0622) ( .  0615) (.0712) (.1462) 
Some college 3.02** -1.02 -.26 -.39 .14 .97* 
Standard Error (.0838) (.8292) ( .  2437) ( .  3783) (.1409) (.4209) 
College diploma 4.01** -3.01** -.76 -.52 - -
Standard error (.1898) (1.1230) (1 .1230)(1 .1230) ( - ) ( - ) 
^Numbers in ( ) are standard errors of P values. 
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XI. APPENDIX B. DESCRIPTION OF OCCUPATIONAL ACTIVITIES 
DOT classifications can be aggregated to broad categories by the first 
digit of their designation. These broad categories are: 
0 - TECHNICAL OCCUPATIONS: 
A technician is a worker who is on an educational level be­
tween a skilled tradesman and a professional scientist, or 
engineer. His technical knowledge permits him to assume some 
duties formerly assigned to the graduate engineer, or scientist. 
For example, technicians may design a mechanism, compute the 
cost, write the specifications, organize the production, and 
test the finished product (89, p. 23). 
5 - PROCESSING OCCUPATIONS: 
These occupations are concerned with refining, mixing, chemical­
ly treating, molding, casting, coating, or otherwise processing 
metals. These occupations include those concerned with cover­
ing surfaces by electrodeposition or electrolysis. 
6 - MACHINE TRADES OCCUPATIONS: 
Generally, occupations here deal with feeding, tending, operating, 
controlling, and setting up machines to work on ri.w materials. 
The relationship of the worker to the machine is important. Co­
ordination of eye and hand are important. Repair, maintenance, 
and installation are important. Occupations are associated with 
shaping metal parts and products. 
7. BENCH WORK OCCUPATIONS: 
Occupations here are concerned with the use of body members to 
operate hand tools and bench machines. Occupations are con­
cerned with fabricating, repairing, reconditioning, machine 
setting, blueprint reading, and following patterns using a 
variety of hand tools or bench machines. 
8. STRUCTURAL WORK OCCUPATIONS: 
These occupations are concerned with fabricating, erecting, in­
stalling, painting, and repairing working structures or parts of 
structures. Customarilly, these are workers dealing with outside-
of-factory activities related to metals, glass, etc. These work­
ers need to know materials and their stresses and strains. Think 
of fabricating, trestles, towers, bridges, drilling rigs, air­
frames, boilers, and storage tanks. 
The specific descriptions of occupational activities, without regard 
to educational prerequisites, are presented in Table B.l. 
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Table B.l. Model classification, DOT classification, and description of 
occupational activities 
Classification 
Model DOT 
Description 
0031 003.181 
0032 003.181 
007 0 007.181 
0074 007.281 
0012 0 1 2 . 2 8 8  
503 503 
Electrical Technician 
This technician is concerned with applying electrical 
theory and related subjects to test and modify de­
velopmental or operational electrical machinery and 
electrical control equipment and circuitry in indus­
trial or commercial plants and laboratories. 
Electronic Technician 
This technician is associated with a computer 
laboratory or with instrumentation and development, 
or electronic communications, or with systems testing. 
Tool and Die Designer 
This is a highly skilled craft or trade in which 
general and special tools are planned and designed 
and their dies are created. These craftsmen are 
concerned with application of principles of physics 
and engineering in regard to utilization of heat and 
mechanical power for design and production of tools 
and machines. Specifically, these craftsmen might 
be concerned with power tools, instrumentation, or 
machine design. 
Draftsman, Mechanical 
This technician does drafting and lay-out work for 
castings, tool design, and related activities. The 
work of a mechanical draftsman is generally associated 
with drafting and lay-out for tool and machine pro­
duction, such as a tool-design draftsman. 
Industrial Technician 
This technician studies and records time, motion, 
methods, and speed involved in performance of mainte­
nance, production, clerical, and other worker opera­
tions to establish standard production rate and to 
improve efficiency. 
Pickling, Cleaning, Degreasing, and Related Occupations 
Workers in this group have occupations concerned with 
cleaning metal objects (generally with an acid bath) to 
remove coatings of grease, scale, tarnish, oxide, etc. 
An example is a pickler operator. 
161 
Table B.l. (Continued) 
Classification Description 
Model DOT 
504 504 Heat-treating Occupations 
A worker here is concerned with subjecting metal to 
heat, cold, or chemicals to relieve or redistribute 
stresses and affect such characteristics as hard­
ness, flexibility, and ductility. An example is a 
gear hardener. 
514 514 Pouring and Casting Occupations 
This is a worker concerned with pouring, injecting, 
centrifuging, or pressing molten or powdered metal 
into a mold or other receptable and permitting it 
to solidify. An example is a metal pourer. 
518 518 Holders, Coremakers, and Related Occupations 
This worker is concerned with making molds or cores 
to be used in casting metal in a foundry. An ex­
ample is a mold maker. 
519 519 Ore Refining and Foundry Occupations, n.e.c. 
This group of workers are in occupations not classi­
fied elsewhere, but concerned with refining ore, ore 
concentrate, pig, or scrap and casting metal in a 
foundry. An example is a foundry foreman. 
600 600 Machinists and Related Occupations 
This worker is concerned with shaping metal parts by 
milling, turning, planing, abrading, boring, clipping, 
sawing, and shaving with a variety of metal tools, 
and includes laying-out, job setting, fitting, as­
sembling, and repairing. An example is a machine 
repairman. 
601 601 Toolmakers and Related Occupations 
This worker is concerned with the entire scope of 
construction, repairing, maintaining, and calibrating 
machine-shop tools, jigs, fixtures, instruments, and 
metal-forming dies. An example is a die maker. 
603 603 Abrading Occupations 
A worker here is concerned with smoothing, polishing, 
or sharpening metal objects by the wearing-away action 
of abrasives or machine files. An example is a tool 
sharpener. 
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Table B.l. (Continued) 
Classification Description 
Model DOT 
604 604 Turning Occupations 
A worker here is concerned with shaping metal by the 
paring or chipping action of rigid cutting tools to 
metal rotating on a lathe. An example is an automatic-
screw-machine operator. 
605 605 Milling and Planing Occupations 
A worker here is concerned with removing excess metal 
by the action of a revolving multiple-tooth cutter, 
thus producing flat or profiled surfaces, grooves, 
and slots. An example is a milling-machine set-up 
operator. 
606 606 Boring Occupations 
A worker here is concerned with piercing metal by 
means of rotary-cutting tools advanced into the 
material in the direction of the tool's axis to 
make, enlarge, or thread a hole. An example is a 
drill-press operator. 
607 607 Sawing Occupations 
A worker here is concerned with severing or shaping 
metal with a saw-toothed or abrasive-edged blade or 
disk. An example is a sawing-machine operator. 
609 609 Metal Machining Occupations, n.e.c. 
Workers in this group have occupations, not elsewhere 
classified, concerned with shaping metal parts or 
products by removing excess material from stock or 
objects. An example is a sheet-steel inspector, 
thread grinder. 
615 615 Punching and Shearing Occupations 
A worker here is concerned with making holes in metal 
by cutting out a circular wad under pressure from a 
die whose hole is slightly larger than the diameter of 
the punch; and cutting or shearing metal by the action 
of a keen-edged cutting tool. An example is a punch-
press operator. 
616 616 Fabricating Machine Operators 
A worker here is concerned with shaping, fitting, and 
assembling metal parts. An example is a wire weaver, 
fabricating-machine operator. 
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Table B.l. (Continued) 
Classification Description 
Model DOT 
617 617 Forming Occupations, n.e.c. 
Workers here have occupations, not elsewhere classi­
fied, concerned with shaping metal by the application 
of machine pressure; an example being a hydraulic-
press operator. 
619 619 Miscellaneous Metalworking Occupations, n.e.c. 
Workers here have occupations, not elsewhere classi­
fied, concerned with shaping and conditioning metal 
by such means as rolling, forging, extruding, blank­
ing, and pressworking. An example is a rolling 
foreman. 
62 0 62 0 Motorized Vehicle and Engineering Equipment Mechanics 
and Repairmen 
A worker here is concerned with repairing gasoline 
and diesel-powered engines and accessories, other 
mechanical parts of motorized vehicles including 
materials-handling equipment. An example is a garage 
mechanic. 
626 626 Metalworking Machinery Mechanics 
A worker here is concerned with repairing general 
purpose and specialized metal-cutting and metal-
forming machines, accessories, and related equipment. 
An example is a hydraulic-prèss servicemen. 
637 636 Utilities Service Mechanics and Repairmen 
A worker here is concerned with installing, maintain­
ing, and repairing mechanical equipment and appliances 
used to supply heat, conditioned air, refrigeration, 
water, and related utilities. An example is an air-
conditioning mechanic. 
638 638 Miscellaneous Occupations in Machine Installation 
and Repair 
A worker here is concerned with machine installation 
and repair which has not been covered in other cate­
gories listed in this series of machine trades occu­
pations. An example is a millwright. 
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703 703 Occupations in Assembly and Repair of Sheet-metal 
Products, n.e.c. 
Workers here have occupations, not elsewhere classi­
fied, concerned with laying-out, cutting, shaping, 
and fitting sheet metal to assemble or repair sheet 
metal parts and items, but these are not structural 
sheet metal workers. An example is a template cutter. 
706 706 Metal Unit Assemblers and Adjusters, n.e.c. 
Workers here have occupations, not elsewhere classi­
fied, concerned with assembling and adjusting non­
electrical metal units or components including 
mechanical assembling or adjusting not requiring 
overall mechanical knowledge. An example is a 
solderer-assembler. 
709 709 Miscellaneous Occupations in Fabrication, Assembly, 
and Repair of Metal Products, n.e.c. 
Workers here have occupations, not elsewhere classi­
fied, concerned with fabricating, assembly, and re­
pairing metal products. An example is a hand riveter, 
inspector. 
741 741 Painters, Spray 
A worker here is concerned with covering or decor­
ating surfaces, using spray guns and stencils. An 
example is an enamel sprayer. 
801 801 Fitting, Bolting, Screwing, and Related Occupations 
A worker here is concerned with joining structural 
parts and components with bolts, screws, or related 
fasteners. An example is a compressor assembler. 
809 809 Miscellaneous Occupations in Metal Fabricating, n.e.c. 
Workers here have occupations, not elsewhere classi­
fied, concerned with fabricating structures from metal 
and from related materials. An example is a sheet-
metal-shop foreman. 
810 810 Arc Welders 
A worker here is concerned with welding using electric 
welding equipment with current across an air gap be­
tween the workpiece and an electrode. An example is 
a multiple spot welder. 
812 812 Combination Arc Welders and Gas Welders 
A worker here is concerned with welding, using gas and 
arc welding equipment. An example is a casting re­
pair welder. 
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XII. APPENDIX C. EDUCATIONAL LOANS 
The effect of educational loans on the present-value of activity 
paths containing that education activity was shown in Part C.l, of 
Chapter III. Table C.l, which is presented here, represents a situa­
tion where the loan is repaid in equal sized installments with the first 
payment period starting at the same time as the loan is taken out. The 
length of payoff period, interest rate on the loan, and personal dis­
count rate are allowed to assume numerous values. No situations were 
considered where the loan rate was greater than or equal to the personal 
discount rate, for in such a situation the loan would present no advantage 
to the individual. The fractional units in the body of Table C.l are 
the fractional part of an x-dollar loan which would be added to the present-
value of the educational activity. The formula used is: 
= ((1 + r)^^j (tj - t^)) (1 / (1 + r)^ - 1 / (1 + where 
i = number of periods from time of loan to end of payments 
tj = number of last payoff periods 
t^ = number of payoff periods until payments begin (in Table C.l, 
tj = 0) 
r = rate of interest on the loan 
personal discount rate. 
Table C.l. Addition to present-value of unit-value loan with initial payoff in first period, under 
various loan rates, personal discount rates, and lengths of payoff period 
Loan Personal Length of payoff period (years) 
rate discount rate 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 
0.00 0.05 .1341 .1540 .1734 .1921 .2102 .2278 .2449 .2614 .2774 
0.08 .2015 .2295 .2562 .2817 .3059 .3290 .3510 .3720 .3920 
0.15 .3296 .3693 .4057 .4391 .4698 .4981 .5242 .5483 .5705 
0.01 0.05 .1074 .1236 .1393 .1546 .1694 .1839 .1979 .2116 .2249 
0.08 .1765 .2014 .2251 .2478 .2695 .2 902 .3100 .3290 .3471 
0,15 .307 8 .3453 .37 98 .4116 .4409 .4680 .4930 .5161 .5376 
0.02 0.05 .0807 .0930 .1050 .1167 .1281 .1392 .1501 .1607 .1710 
0.08 .1515 .1731 .1938 .2136 .2327 .2509 ,2684 .2852 .3014 
0.15 .2861 .3214 .3539 .3840 .4119 .437 6 .4615 .4838 .5044 
0.03 0.05 .0539 .0622 .07 03 .1783 .0861 .0937 .1012 .1085 .1157 
0.08 .1264 .1447 .1622 .1791 .1953 .2110 .2261 .2506 .2546 
0.15 .2643 .2974 .3279 .3563 .382 6 .4070 .42 99 .4511 .47 09 
0.04 0.05 .0270 .0312 .0353 .0394 .0434 .047 3 .0512 .0550 .0588 
0.08 .1013 .1161 .1304 .1442 .1575 .1704 .1829 .1950 .2066 
0.15 .2426 .2733 .3018 .3284 .3531 .3762 .397 8 .4180 .437 0 
0.05 0.08 .0761 .0874 .0983 .1089 .1191 .1291 .1388 .1482 .1574 
0.15 .2208 .2491 .2755 .3002 .3233 .345 0 .3653 .3845 .402 5 
0.06 0.05 .0508 .0584 .0659 .07 31 .0801 .087 0 .0937 .1002 .1066 
.1990 .2249 .2491 .2718 .2932 .3133 .3323 .3503 .3673 
0.07 0.08 .0255 .02 93 .0331 .0368 .0404 .0440 .047 4 .0509 .0542 
0.15 .1772 .2005 .2224 .2431 .2627 .2812 .2987 .3154 .3313 
0.08 0.15 .1553 . 1760 .1956 .2142 .2318 .2485 .2 645 .2797 -2 944 
0.09 0.15 .1333 .1514 . 1685 .1848 .2003 .2152 .2295 .2432 .2564 
0.10 0.15 .1113 .1266 .1412 .1551 .1685 .1813 .1937 .2057 .2173 
Table C.l. (Continued) 
Loan Personal Length of payof f period (years) 
rate discount rate 14.0 15.0 16.0 17.0 18.0 19.0 20.0 
0.00 0.05 .2929 .3080 .3226 .3368 .3506 .3639 .3769 
0.08 .4111 .42 94 .4468 .4634 .47 93 .4945 .5091 
0.15 .5911 .6102 .6279 .6443 .6596 .6738 .6870 
0.01 0.05 .2378 .2504 .2626 .2745 .2861 .2974 .3084 
0.08 .3645 .3811 .3970 .4123 .4269 .4410 .4544 
0.15 .5575 .5759 .5931 .6091 .62 40 .6380 .6510 
0.02 0.05 .1811 .1910 .2006 .2101 .2193 .2283 .2370 
0.08 .3169 .3318 .3461 .3599 .3731 .3859 .3982 
0.15 .5236 .5415 .5583 .5739 .5885 .6022 .6151 
0.03 0.05 .1228 .1297 .1364 .1431 .1496 .1560 .1623 
0.08 .2681 .2811 .2937 .3059 .3176 .32 90 .3400 
0.15 .4895 .5068 .5231 .5384 .5528 .5663 .5791 
0.04 0.05 .0625 .0661 .0697 .07 32 .0767 .0801 .0835 
0.08 .2180 .2289 .2396 .2499 .2599 .2697 .2792 
0.15 .4548 .4716 .4874 .5023 .5164 .5298 .5426 
0.05 0.08 .1663 .1750 .1834 .1917 .1998 .2076 .2153 
0.15 .4195 .4357 .4510 .4655 .4793 .492 5 .5052 
0.06 0.08 .1129 .1190 .1250 .1309 .1366 .1423 .1479 
0.15 .3835 .3989 .4136 .4276 .4411 .4541 .4666 
0.07 0.08 .0575 .0607 .0639 .0671 .0702 .0733 .0763 
0.15 .3465 .3611 .3750 .3885 .4015 .4141 .4263 
0,08 0.15 .3085 .3220 .3351 .347 9 .3603 .3723 .3842 
0.09 0.15 .2692 .2816 .2937 .3055 .3171 .3284 .3396 
0.10 0.15 .2286 .2396 .2505 .2611 .2716 .2820 .2923 
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XIII. APPENDIX D. ACTIVITY INPUT DATA 
Table D.l and Table D.2 present the parameters of the activities 
used in the applied model, including their linkages through events. 
Table D.l presents the parameters for the occupational activities. The 
column headings in Table D.l are: 
IDENT = identification number of the activity 
EDUC = level of education required for occupation entry, where: 
1 = eighth grade, or less 
2 = some high school 
3 = high school graduation 
= some college 
EWAGE = entry wage, per month 
TWAGE = top wage, per month (as identified in the Iowa metal-trades 
survey) 
VT = months of vocational education required for occupation entry 
PREC = identification number of the preceding event 
sue = identification number of the succeeding event. 
In Table D.2, which presents the parameters for education activities, 
the same definitions hold, except those for EWAGE and TWAGE. These new 
definitions are: 
EWAGE = personal cost, per month 
TWAGE = social cost, per month. 
io9 
Table D.l. Occupational data 
l O E N T  E D U C  V T  E W A G E  
311 1 0.0 523.97 
5031 1 0.0 413.05 
5041 1 0.0 553.45 
5141 1 0. 0 454. 83 
5181 1 0.0 487.45 
5191 1 0.0 483.21 
6001 1 0.0 439.26 
6031 1 0.0 424.78 
6041 1 0. 0 514. 01 
6061 1 0.0 401.49 
6091 1 0.0 448. 16 
6151 1 0.0 417.91 
6171 1 0.0 411.02 
6191 1 0. 0 352. 39 
6381 1 0.0 527.43 
7031 1 0.0 333.41 
7061 1 0.0 367.99 
7091 1 0.0 388.26 
7411 1 0.0 441.96 
Ron 1 0.0 442.79 
8101 1 0. 0 370.45 
8102 1 8.30 415.29 
8121 1 0.0 439.04 
T W A G E  P R E C  S U C  
573.31 1 1000 
446.75 1 1000 
561.32 1 1000 
528.67 1 1000 
566.60 1 1000 
534.16 1 1000 
532.30 1 1000 
491.94 1 1000 
562.71 1 1000 
464.08 1 1000 
508.59 1 1000 
514.18 1 1000 
460.17 1 1000 
533.30 1 1000 
605.14 1 1000 
436.84 1 1000 
403.55 1 1000 
501.29 1 1000 
506.23 1 1000 
514.50 1 1000 
530.12 1 1000 
530.12 101 1000 
504.50 1 1000 
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Table D.l. (Continued) 
I D E N T  E D U C  
8 1 2 2  1  
6 0 0 1  
6 0 0 2  
6041 
6042 
6061 
6151 
6381 
7061 
7091 
7411 
8011 
8101 
8102 
311 
312 
321 
741 
742 
1 2 1  
5141 
5181 
6 0 0 1  
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
VT 
9.78 
0 . 0  
14.95 
0. 0 
9.95 
0. 05 
0 . 1 0  
0.0 
0. 0 
0.0 
0. 0 
0.0 
0. 0 
4.45 
0.0 
16. 93 
20.50 
0.33 
16.65 
4.60 
0. 0 
0.0 
2. 36 
E W A G E  
440.26 
435.22 
592.69 
397.71 
440.03 
453.79 
365.65 
569.41 
372. 20 
396.92 
433.80 
406.38 
412.38 
453.99 
567.37 
446.52 
540.56 
492.56 
465. 84 
516.39 
397.92 
386.50 
451.89 
TWAGF 
530.42 
544.38 
616.84 
414.78 
499.29 
495.11 
423. 10 
603.92 
463.53 
452.14 
478.73 
434.26 
476 .17 
513.42 
638.45 
718.38 
848.45 
714.07 
829. 21 
738.31 
481.53 
446.76 
535.52 
PREC 
1 0 2  
2 
201 
2 
2 0 2  
203 
204 
2 
2 
2 
2 
2 
2 
205 
3 
301 
302 
307 
308 
309 
3 
3 
303 
sue 
1000 
1 0 0 0  
1000 
1000 
1000  
1000 
1 000 
1000  
1000 
1000 
1000 
1  000 
1000 
1000 
1000 
1000 
1  000 
1000 
1000 
1000 
1000 
1 000 
1000 
Table D.l. (Continued) 
I D E N T  E D U C  V T  E W A G E  T W A G E  P R E C  S U C  
6 0 0 2  3  2 2 .  0 0  4 6 5 . 1 7  6 1 1 . 9 3  3 0 4  1 0 0 0  
6  0 1 1  3  0 . 0  5 2 2 . 3 6  6 3 2 . 0 8  3  1 0 0 0  
6 0 1 2  3  1 4 . 1 6  5 9 2 . 3 4  6 5 4 . 0 2  3 0 5  1 0 0 0  
6 0 1 3  3  2 2 . 0 2  5 9 2 . 3 4  7 2 9 . 8 4  3 0 6  1  0 0 0  
6 0 4 1  3  0 .  0  3 6 0 . 4 7  4 8 4 . 5 0  3  1 0 0 0  
6 0 4 2  3  9 . 8 0  5 0 8 . 4 0  5 4 7 . 3 7  3 1 0  1  0 0 0  
6  0 5 1  3  0 . 0  .  4 0 7 . 2 1  5 6 9 . 0 5  3  1 0 0 0  
6 0 5 2  3  1 0 . 2 0  5 2 6 . 6 9  5 7 9 . 1 7  3 1 1  1 0 0 0  
6 0 6 1  3  0 . 0  4 4 5 . 2 1  5 2 7 . 5 0  3  1  0 0 0  
6 0 6 2  3  8 .  9 8  5 0 1 . 1 1  5 3 0 . 2 9  3 1 2  1 0 0 0  
6 0 7 1  3  0 . 0  3 8 6 . 8 3  4 7 7 . 3 6  3  1 0 0 0  
6 0 7 2  3  1 2 . 6 4  4 8 1 . 9 6  5 5 3 . 9 7  3 1 3  1 0 0 0  
6 0 9 1  3  0 .  0  3 6 4 .  2 2  4 2 2 . 5 9  3  1 0 0 0  
6 0 9 2  3  5 . 0 5  4 8 5 .  4 4  5 6 7 . 8 4  3 1 4  1 0 0 0  
6 1 5 1  3  0 .  0  4 0 3 . 3 3  4 7 4 . 1 2  3  1 0 0 0  
6 1 5 2  3  9 . 4 8  4 8 5 . 4 8  5 6 8 .  9 9  3 1 5  1 0 0 0  
6 1 6 1  3  0 . 0  3 6 0 . 2 4  4 5 8 . 9 6  3  1 0 0 0  
6 1 6 2  3  4 .  6 2  5 1 5 . 8 4  5 5 9 . 5 0  3 1 6  1 0 0 0  
6 1 7 1  3  0 . 7 8  4 3 6 . 8 4  5 0 9 . 1 4  3 1 7  1  0 0 0  
6 2 0 1  3  5 . 6 3  5 3 8 . 1 2  6 3 5 . 2 3  3 1 8  1 0 0 0  
6 2 6 1  3  0 . 0  4 8 3 . 7 5  5 5 9 .  8 8  3  1 0 0 0  
6 2 6 2  3  1 0 . 7 1  5 3 0 . 1 2  6 3 7 . 8 1  3 1 9  1 0 0 0  
6 3 7 1  3  0 .  0  5 5 2 . 2 6  5 9  2 . 6 6  3  1 0 0 0  
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Table D . 2 .  Educational data 
I D E N T  E D U C  
6 3 7 2  3  
6 3 8 1  
6 3 8 2  
7 0 3 1  
7 0 3 2  
7 0 6 1  
7 0 9 1  
7 0 9 2  
7 4 1 1  
7 4 1 2  
8 0 1 1  
8 0 9 1  
8 1 0 1  
8 1 0 2  
8 1 2 1  
8122  
121  
7 0 1  
7 4 1  
7 4 2  
3  
3  
3  
3  
3  
3  
3  
3  
3  
3  
3  
3  
3  
3  
3  
4  
4  
4  
4  
V T  
1 6 .  6 4  
0.0 
1 4 .  7 1  
0 . 0  
2 9 . 0 2  
0. 0 
0 . 0  
5 . 4 6  
0 .  0  
5 . 3 5  
0 .  4 2  
0 . 4 2  
0.  0 
7 . 4 1  
0 . 0  
9 .  1 5  
4 . 5 0  
1 7 . 3 9  
1 2 . 9 2  
2 1 . 0 0  
E W A G E  
5 4 1 . 8 7  
4 2  8 . 7 7  
5 4 0 . 2 4  
5 0 0 . 6 7  
5 0 0 . 6 7  
4 1 3 . 6 2  
4 2 4 . 0 3  
4 2 4 . 0 3  
4 2 1 . 0 5  
5 3 1 . 3 9  
4 9 8 .  6 8  
3 7 5 . 6 4  
3 9 8 . 6 0  
4 9 3 . 3 3  
5 3 7 . 3 2  
5 3 7 . 3 2  
5 4 4 . 9 8  
7 3 4 . 5 4  
4 3 4 . 7 7  
4 5 5 . 5 5  
T W A G E  
6 4 3 . 8 0  
5 2 4 . 1 8  
6 0 8  . 5 3  
5 7 4 . 7 1  
8 1 4 . 4 2  
4 6 8 . 0 9  
5 0 0 . 7 7  
5 5 4 . 8 4  
4 6 7 . 5 6  
5 7 0 . 3 8  
5 5 0 . 8 0  
4 5 8 . 7 1  
4 6 9 . 4 1  
5 5 2 . 5 5  
5 6 2 . 7 4  
6 0 0 . 9 5  
8 7 1 . 6 3  
8 4 2 . 6 8  
6 2 9 . 9 5  
7 2 8 . 9 8  
P R E C  
3 2 0  
3  
3 2 1  
3  
3 2 2  
3  
3  
3 2 3  
3  
3 2 4  
3 2 5  
3 2 6  
3  
3 2 7  
3  
3 2 8  
4 0 2  
4 0 1  
4 0 3  
4 0 4  
S U C  
1000 
1000  
1000 
1000  
1000 
1000 
1000 
1000 
1 0 0 0  
1 0 0 0  
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1 0 0 0  
1000 
l e  D . 2  
D E N T  
9002 
9101 
9102 
9003 
9201 
9202 
9203 
9204 
9 2 0 5  
9004 
9301 
9302 
9303 
9304 
9 3 0 5  
9 3  0 6  
9307 
9308 
9309  
9310 
9311 
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( C o n t i n u e d )  
E W A G E  T W A G E  
8.33 37.90 
125.00 181.51 
125.00 181.51 
-25. 00 21. 25 
125.00 158.58 
125.00 158.58 
125.00 158.58 
125.00 158.58 
125. 00 181.51 
0.0 9.00 
125.00 126.59 
125.00 126.59 
125.00 158.58 
125.00 158.58 
125.00 158.58 
125.00 158.58 
125.00 128. 33 
125.00 128.33 
125.00 158.58 
125.00 158.58 
125.00 158.58 
T I M E  P R E C  S U C  
24.00 1 2 
8.30 1 101 
9.78 1 102 
24.00 2 3 
14.95 2 201 
9.95 2 202 
0.05 2 203 
0.10 2 204 
4.45 2 205 
24.00 3 4 
16.93 3 301 
20. 50 3 302 
2.36 3 303 
19.64 303 304 
14.16 3 305 
7.86 305 306 
0.33 3 307 
16.32 307 308 
4.60 3 309 
9.80 3 310 
10.20 3 311 
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Tait le D.2- (Continued) 
I D E N T  E W A G E  T W A G E  T I M E  P R E C  S U C  
9 3 1 2  1 2 5 .  0 0  1 5 8 .  5 8  8  .  9 8  3  3 1 2  
9 3 1 3  1 2 5 .  0 0  1 5 8 .  5 8  1 2 .  6 4  3  3 1 3  
9 3 1 4  1 2 5 .  0 0  1 5 8 .  5 8  5 .  0 5  3  3 1 4  
9 3 1 5  1 2 5 .  0 0  1 5 8 .  5 8  9 .  4 8  3  3 1 5  
9 3 1 6  1 2 5 .  0 0  1 5 8 .  5 8  4 .  6 2  3  3 1 6  
9 3 1 7  1 2 5 .  0 0  1 5 8 .  5 . 8  0 .  7 8  3  3 1 7  
9 3 1 8  1 2 5 .  0 0  1 5 8 .  5 8  5 .  6 3  3  3 1 8  
9 3 1 9  1 2 5 .  0 0  1 5 8 .  5 8  1 0 .  7 1  3  3 1 9  
9 3 2 0  1 2 5 .  0 0  1 4 1 .  8 4  1 6 .  6 4  3  3 2 0  
9 3 2 1  1 2 5 .  0 0  1 5 8 .  5 8  1 4 .  7 1  3  3 2 1  
9 3 2 2  1 2 5 .  0 0  1 5 8 .  5 8  2 9 .  0 2  3  3 2 2  
9 3 2 3  1 2 5 .  0 0  1 5 8 .  5 8  5 .  4 6  3  3 2 3  
9 3 2 4  1 2 5 .  0 0  1 5 8 .  5 8  5 .  3 5  3  3 2 4  
9 3 2 5  1 2 5 .  0 0  1 5 8 .  5 8  0 .  4 2  3  3 2 5  
9 3 2 6  1 2 5 .  0 0  1 5 8 .  5 8  0 .  4 2  3  3 2 6  
9 3 2 7  1 2 5 .  0 0  1 8 1 .  5 1  7 .  4 1  3  3 2 7  
9 3 2 8  1 2 5 .  0 0  1 8 1 .  5 1  9 .  1 5  3  3 2 8  
9 4 0 1  1 2 5 .  0 0  1 2 8 .  3 3  1 7 .  3 9  4  4 0 1  
9 4 0 2  1 2 5 .  0 0  1 9 3 .  8 0  4  .  5 0  4  4 0  2  
9 4 0 3  1 2 5 .  0 0  1 2 8 .  3 3  1 2 .  9 2  4  4 0 3  
9 4 0 4  1 2 5 .  0 0  1 2 8 .  3 3  8 .  0 8  4 0  3  4 0 4  
